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DISSENTING OPINION OF THE

LOCAL SUBSIDENCE REVIEW COMMITTEE

n pe

)

It is the considered opinion of the members of the Local
Subsidence Review Committee that the methodology and cenclusions -
drawn in the Overview of Subsidence Potential in Pennsylvania Cozal

ields Study present an incomplete and, therefore, in specific
locations, inaccurate representations of subsidence potential in
Northeastern Pennsylvania. We, therefore, strongly enter our
dissent to the Report. The basis for expressing these reservations
originates from a well established tradition of scund industrial
land development, reliance on mining engineers familiar with site
conditions, and the development of specific information on land
stability characteristics. .

g

‘proximity to market . . .'a competitive edge

. We also disagree with the methodology emplcyed in .the.desirsn -
and implementation of the study, particularly for iack of inout
by local professional mining engineers and industriazl develcpment
agencies who are intimately acquainted with scecific local condi-
tions. Therefore, we believe that the conciusions drawn by the
study must be reviewed with extreme caution and reservation by the
reader. The following reasons explain our winority opinion.

il of nbrtﬁéastér

Ol

- 1. The report assigns subsidence pdtential classifications
- "to 40-acre tracts of land on the basis of the worst
.conditions found in as little as 107% of the land zrea.

- 2. The primary source of information; namely, U. S. Bureau

of Mines map folios, are in many recpectc incomplete in
“that maps for all areas are not available. Even in the

cases where mine maps are available, thesa folios are in
and of themselves incomplete in that they reflect -condi-
tions which existed at the last recorded stage of mining.
Uncharted mining activity and the passage of time have
in many cases resulted in unrecorded stabilization of
those land areas. This report and the computer model does
not reflect those stabilizations.. In this respect, the .
data and parameters used in the computer model must be
viewed with extreme caution. . .

[y

®onomic development co

3. Many areas characterized as having subsidence notentizl
are sites of substantial development which was not
initiated without detailed site engineerinsg renorts by
mining engineers familiar with local conditicns. Examplces
of these anamolies may be found in Apvendix A where specific
insgan:cs a{e cited by Mr. Daniel Connelly, veteran . :
Professional Mining Engineer. L
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DEPARTMENT OF ENVIRONMENTAL RESOURCESG R i G E ﬁ,‘ f’;\ l
REVIEW NOTICE ,
(red) |

The material in this report represents only the best professional.
judgment of the consultant and is believed to be useful to the reader.
The data presented in this report as well as the conclusions, recom-
- mendations and opinions are those of the consultant and are not necessarily
' those of the Department of Environmental Resources and the Appalachian
. Regional Commission. Since circumstances vary from site to site, the
Department of Environmental Resources and the Appalachian Regional
Commission cannot be responsible for any designs, plans, or con-
struction derived from or based upon this data and material. All
readers are cautioned to use their own consultants to obtain data and
develop designs and plans for their own uses.
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EXECUTIVE SUMMARY | o (red)

This effort was part of a comprehensive program for the study of the
surface subsidence effects associated with underground mining activities

in the Anthracite Region of Pennsylva.ma and the correlation of these

~effects with post hurncane Agnes (hne 1~)72) reconstructxon projects.

This effort was one of eleven proJects funded by the Appalachian Reglonal

Commission through the Commonwealth of Pennsylva.nza Departxnent of

This study addressed the development of a technique for projecting

‘the subsidence potential of undermined land areas based on past mining

activity history and the characteristics of the subsurface features in the
areas of mining operations,
~ Specific objectives of the investigation were:
1. To develop a mining information data base for the Anthracite fields.
2. To establish criteria and evaluation techniques that will permit an
~ accurate, ecoﬁomical eva.luatiozlﬂof subsiderlce potential.
3. To produce subsidence potential maps to assist in long-range
- planning projects relating to mine stabilization, urban redevelopment
and future mining practices within the region.
4. To test the evaluation as to its applicability in the Bituminous Region’
of Pennsylvania and Maryland.
_ All of these objectives have been accomplished. Additional material

relating to stratigraphic correlation of coal seams have been developed

- during the course of the study and is included in the documentation of the

effort.

Land areas of approx1mately forty acres in size were chosen as the

‘basic resolution element to which the collected m_unng information in the

data base was correlated. Since the resultant classification maps were
intended for use in risk assessment analysis, a worst case viewpoint was
consistently employed throughout the data collection process. The reader
is speciﬁcally cautioned, therefore, when considering the use of this data,
not to infer subsidence characteristics for é_reas smaller than the forty

acre element size on which this data analysis is based.




¢y .

Data was collected for each forty acre element from mine map folios
: pr‘epéred by i:he,United States Bureau of Mines, mine maps not incorporated .
in mine map folios, U.S.G.S. geologic quadrangle map series, coal invest-
igation map series, special investigation map series, the Second Pennsylvani.
Topographic and Geologic Survey bulletins, aerial photography, and the -
topographic quadrangles themselves.

The data covered 25 key critical parameters and were entered into a
computerized data base. Engineering experience was utilized to develop an
algorithm which would provide for systematic dssessment of conditions in
each of the forty acre elemental areas. The algorithm developed combined
collapse likelihood with an empirical calculation of the total subsidence
possible should collapse occur in all mined seams to result in a systematic
assessment of subsidence potential. Three subsidence potential classes

were used and are defined as Class 1 - ""Precautionary Area' future sub-

sidence probable if subsidence has not alreédy progressed to completion.

Site engineering recommended; Class 2- subsidence possible. Spyiax> 0<
0.5 feet. Site engineering recommended; and Class 3 - no subsidence.
Spmax = 0 feet.

The algorithm was exercised on a total of 3106 elements in the Northern -
Field, 880 elements in the Western Middle Field, and 295 elements in the -
Southern Field. These comprise all the elements where sufficient mine map.
data was available. The remaining elements in the Anthracite fields were
treated by reporting stripping, deep mining, robbing, no mining, and
combinations of these activities.

In the Northern Field, the algorithm was exercised for the complete
field with the one exception of the Stackhouse Colliery (less than one percent
of the total number of elements) at the extreme southwestern end. Sixty-six
percent of the elements were included in subsidence potential Class 1,
eleven percent in Class 2, and twenty-two percent in Class 3. Because of
the incomplete data for the remaining fields, a statistical summary would -
not be meaningful. The Northern Field is used as an example of what can
be done when complete data is available.

Testing of the algorithm occurred in the Bituminous coal fields of
western Centre County, Pennsylvania and western Allegany County, Maryland.
Results were similar to those obtained by exercising the model in the -
Anthracite Region.

The extensive correlation of coal seams in the Northern Anthracite

Field provided in this report contributes to the usefulness of the overall data
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e

AR10GO 0




base. Add1t1onal map dlsplays and stat1st1ca1 mforrnatmn may({;gccil)err.ved
from the data base which is des1gned for contm.uous update and the addition
of new parameters. S

The algonthm developed in thlS study is regarded as an interim product

reqmnng further development It represents the first attempt at the develop-

ment of a meaningful pred1ct1ve subs1dence potent1a1 model wh1ch can cost

- effectively be applied over la.rge regxons 1t represents a new contnbutxon

to the knowledge of subsidence prediction and forms the basis for further
development both in the use of predictive models in operational regional

Planning and in the correlation of subsidence occurrence to the coal seam '

conditions present in the Anthracite and Bituminous mining regions of

Appalachia.
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1. BACKGROUND

1.1 INTRODUCTION

_ . This report presents the findings and recommendations of an

} X o ~ intensive study performed by HRB-Singer for the Commonwealth

. - ' of Pennsylvania; Department of Environmental Resources under

: ﬁ Contract EEE{I 21 "Overv1ew of Subsidence Potential in Pemsylvania Coal
- " Fields.™ The study is part of a comprehen51ve program on mining

r’* - ' ' act1v1t1es, the assoczated surface subs1dence effects, and their

S . 'correlatlon w1th post hurncane Agnes reconstruction projects.

™~ ~ " The overall program is funded by the Appalach1an Regional Com-

L © © “mission through the State of Pennsylvama. The State monitor for

- - - -+~ Countract EER-121 is the Departmént of Euv1ronmenta1 Resources
through the Office of Resources Management. A complete list

- — -- of the associated projects comprising the comprehensive program

~and the performing research agency or subcontractor is presented
in Table 1.

1.2 DISCUSSION OF ’I‘HE PROBLEM D ]

Subsidence is the term applied to the settling of the earth's

surface as a- result of natural or man-induced modification of the

underlylng supportlng structure As such the phenomenon is

prevalent in many areas of the world ’I‘h1s is specifically true of

yregmns in whlch the extract1on of coal m1nera1 ores, oil or ground

"~; - ~ -~ water has been 1ntens1vely pursued. One such region is the Anthra-

"~ cite Region of Pennsylvama. While extraction of coal in this area

-- has played an important role in the economic development of Pennsyl-

- -vania during the past century the lingering effects of the associated
.subsidence must be coped with if future development in this area is
to flourish. Recognition of this fact prompted the Pennsylvania
Departtnent of Environmental Resources to initiate a coordinated

ith ARC to develop and implement tech-

. prog ram in co nJ unct1on

niques and pro_]ects to combat the effects of subsidence.

_. In this coordinated program the full range of existing alternate

strategies for coping with subsidence (flushing, insurance programs,

AR100018




TABLE 1 ARC-DER SUBSIDENCE CONTRACTS
74-144
PROJECT | SUBCONTRACTORS AMO RESEARCH AGENGCY SCOPE OF WORK
EER-119 BENERAL ANALYTICS SURFACE STABILIZATION - STATE OF-THE-ART
ACTIVE MINING TECHNIQUES TO MINIMIZE SUBSIOENCE
EER-120 BICHAEL BAKER, JR.. (NC. ARCH{ TECTURAL MEASURES TO MINIMIZE SUSSIBENCE
DANMAGE
EER-121 HRB-~SINGER, INC. OVERVIEW OF SUBSIDENCE POTENTIAL IN PENNSYLYANIA
COAL FIELDS,
EER-122 A. M. MARTIN ASSOCIATES RELATLONSHIP BETWEEN UNDERGAOUND MINE WATER POOLS
AND SUBSIDENCE IN THE NORTHEASTERN PENNSYLVANIA
ANTHRACITE FIELDS.

ECR-123 EARTH SATELLITE CGRP. VIA OFFICE OF -USE OF PHOTO INTERPRETATION ANG GEOLOGICAL DATA IN
PLANMING & RESEARCH , DEPARTMENT OF THE IDENTIFICATION OF SURFACE BAMAGE AND SUBSIDENCE.
ENVIRONMENTAL RESOURCES

EER-124 MARCOU, 0°LEARY & ASSOC. VIA LAND USE ECONOMICS AND SOCIAL INDICATORS IN SUBSI-
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EER-128 A. W, WARTIN ASSOC., INC. VIA BUREAU DEVELOPMENT OF A COMPREHENSIVE PROGRAM OF I[NSURANCE
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EER-127 MICHAEL BAKER, IR., INC. COMPREHENS IVE SUBSIDENCE PLAN.
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DEPARTMENT OF ENVIRONMENTAL RESOURCES | USE POLICY APPLICASBLE TO FLOOO PRONE AND MINE SUSSI-
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techmque for prOJect1ng the subS1dence potent1a1 of affected
' land areas based on the history of past muung act1v1t1es and

the characteristics of the subsurface in areas of mining

‘predlctmns can be made

pr1sed the inspection of ex1st1ng mining information, extraction of

—-ﬁ
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architectural measures, eticn.) is‘being explored for appropriate

application At the heart of such considerations is an effective

ope ra.t:.ons .

| The a.b:l.hty to ant1c1pate sub51dence over m1ned areas has
been addressed in the literature and is founded on established
physical principles of rock mechamcs, a thorough discussion of
which is included in Section 2.1 of this report. There is no

established technique for predicting when subsidence will occur.

‘However, the critical parameters required for the effective

assessment of land area's potential to subsidence have been

established on the basis of past mining experience both in Europe

‘and in the U.S. The principle problem in establishing' subsidence

rehable data base from wh1ch subs1dence potent1a1 and r1sk

As a result, ‘a major portlon of the act1v1ty in th1s study com-

the parameters pertlnent to the subsidence consideration and the
synthesis of this information into a data base to be used in the

potential classification, Lo keep this effort within practical

limits, land areas of 40 acres in size were chosen as the basic

-element to which the collected mining information in the data base

was correlated. A detailed discussion of the 40 acre element as

the basic mapping unit is given in Section 2.2.2 of this report.

In addition, since the resultant classification maps were intended

to be used in risk assessment analysis, a worst case viewpoint

was em ployed cons1stent1y throughout the data collection process,

i.e. those areas of the m1ned seams w1th1n each elemental area

reflectirgcharacteristics that were most vulnerable to subsidence

were Selected for characterization of the entire 40 acre basic

element. For these two reasons, it cannot be overemphasized

that the classification maps presented in this report are for use in

gross risk evaluation and reclamation plannmg More detailed

[ -3~ 7 ’ 7' ] Bh f\ 20 0 20




analysis of the type described in reference 2 is definitely required

for site-specific planning activities. The reader is specifically ‘

cautioned, when considering the use of this data not to infer

subsidence potential characteristics for areas smaller than the

40 acre element size on which this data analysis is based.

1.2.1 Objectives. The objective of this program was to develop

a methodology which would permit the classification of land

areas within the Anthracite Region in terms of their

potential to mine incurred subsidence. The technical tasks -
performed to meet this objective are summarized briefly

below:
1. Data Base development.

2. Establish criteria and evaluation techniqu'es that
will permit an accurate, economical evaluation of

subsidence potential and risk.

3. Develop an algorithm that will permit the application
of the established criteria to the land areas to be

classified.

4. Produce subsidence risk/potential maps to assist
in long range planning in such areas as mine stabili-
zation, urban redevelopment, and future mining

practices within the area. ~

5. Test the algorithm in the Bituminous Region of

Pennsylvania and in a selected area of Maryland.
6. Document the study.

In addition to providing the basic data for the development
of potential classification methodology, the assemblage of
data collected provides a mining activity and subsidence
data base which here-to-fore has not existed. The design
utilized in preparing this data base provides for the easy,
periodic review and updating as future subsidence occurs, '
|
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" as the results of a.dchtmnal subéi&ence stud1es become

ava.llable, and as further reclamatmn projects are pursued.

S e ”The data prov1des planners with information re-
quired to decide what approach should be taken in each
_situation to prevent or reduce subs1dence darna.ge The

‘data can assist in estabhsh1ng long ra.nge planning pohczes
" for the Anthracite Regmn and a.ct as a useful guideline for

1. 2.2 Sco_xge ‘I'he lack of a baae'of 1nformat1on on subs1dence
o vulnerab1hty for the Anthrac1te Regmn has been a hindrance
to planners, developers, and to a cohesive post Hurricane
' Agnes rehabilitation effort. Therefore, Contract EER-121
" “was directed toward estabhslung criteria and evaluation
techniques for the pred1ct1on of subsidence potential and
presentation of such potential classifications in a manner
convenient for subsequent ri sk evaluations. The criteria
- and the evaluation techniques that have been developed are
__employed via the exercise of an empirically based logic model
Whlch prov1des subsidence r1sk/potent1a1 classification
7 maps for theﬂAnthrramte fields of Pennsylvania. Since the
necessary data to support this model development was most
" “complete inthe Northern Field of the 'Anthracite Reglon
efforts were concentrated on developing a thorough mapping
- - program for this field. The lack of complete data for the
-~ --Eastern Middle Field and parts of the Western Middle and
.. Southern Fields precluded exercise of the model for all
elements iﬁn these areas. However, reconnaissance data in
_the form of aerial ‘photog,r'aphy, topographic maps, geologic
maps, vintage Pennsylvania Geologic Survey publications,
isolated mine maps, and the interview of mine company
personnel were used to fill gaps in the data base. From these
data the presence of mining, strip mining, and no-mining
was established for inclusion in the overall data base. This
information was then used to develop the 36 quadrangle maps

1nc:1uded in Sectlon 3 3 2 of this report. These quadrangle




1.3

maps show the claculated subsidence potential
classification for each basic land element where complete
mine map data was available in the Anthracite Region.
The resolution size of the data selected for use in this
study was forty acres.

Because of the availability of more data in the
Northern Field, a careful correlation study was made
of coal seams from colliery to colliery extending the
work of Bergin and Robertson’ from the Wyoming into
Lackawanna Valley. These correlations are included
in Section 2. 4.

Finally the model was exercised in the Western
Pennsylvania coal fields and in the coal fields of

. Western Maryland to test the applicability of the
developed model to conditions in the Bituminous

Region.

GEOGRAPHIC AREA OF INTEREST

The area of interest for the data collection and analysis effort
consists of the Anthracite Region of Northeastern Pennsyl vania.
This region includes a distinct fourfold division into geographic
areas. The present day distribution of a formerly extensive coal
forming Paleoenvironment is shown in Figure 1 against a back-
ground grid of 7 1/2' quadrangles published by the U.S. Geological
Survey. The Northern Field, comprising the Lackawanna and Wyoming
Valleys, is the characteristically canoe-shaped structure occupying
parts of thirteen quadrangles. The Western Middle Field and the
Eastern Middle Field occupy or share parts of an additional 13
quadrangles. The Southern Field shares parts of three quadrangles
with the Western Middle Field and includes 10 additional quadrangles.

In total, 36 quadrangles were included in the base study.

-6- QRIOOOZS
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Although located in a non-urban regional setting the four
anthracite basins concentrate population into the valley bottoms .
and into those areas that have been extensively mined for coal

in the past.

The four fields constitute an area of approximately 484 square
miles of coal bearing terrane distributed over some 3, 300 square
miles in ten counties: Susquehanna, Wayne, Lackawanna, Luzerne,
Carbon, Columbia, Schuylkill, Northumberland, Dauphin, and
Lebanon. The coal fields are all topographic basins except for the
Eastern Middle Field which is characterized by its topographic
height, being a fairly level tableland whose edges drop off
abruptly to surrounding lower terrain. LANDSAT
channel 7 (IR) image of the Anthracite Region taken on 11 October
1972 (NASA ERTS E - 1080 - 15183 to 15185 - 7) is shown in
Figure 2. The tableland aspect of the Eastern Middle Field and the
mountain-ringed basin aspect of the other three fields are features
clearly apparent in this image. The extensive surface mining
activity that has marred this region in the past is evident by the ,
dark tones on the LANDSAT image. The major river, the Susquehanna .
can be seen entering and leaving the Northern Field. The Lacka-
wanna River joins the Susquehanna where it enters the Northern
Field. These two rivers have presented the greatest threat to
the region in terms of flooding. The effects of flood-induced

subsidence are therefore felt most strongly in the Northern Field.

The Northern Field is also the most extensively urbanized,
with large population centers in the cities of Wilkes Barre and

Scranton.

The Western Middle Field includes the population centers of
Shamokin, Mt. Carmel, Ashland, Girardville, Shenandoah, and
Mahoney City.

The major population center in the Eastern Middle Field is

Hazleton.

In the Southern Field major population is concentrated around
Pottsville, Minersville, New Castle, St. Clair, Tremont, Tuscarora, .

Tamaqua, Coaldale and Lansford.
- 8-
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1.4 GEOLOGICAL CONSIDERATIONS (fEd)

Introduction. The Anthracite fields of northeastern Pennsyl-

1.4.1
' ~ vania lie in four arcuate structural depressions that trend
northeastward across the east central and northeastern

” parts of the State 'I'l:us arcuate structural trend is qu1te

and is the topographm expressmn of comp051te folds or
synchnor:.u.rns on which are supenmposed numerous minor
~folds.

age that underlie the four separate coal basins,

“The anthrac1te dep051ts occur in rocks of Pennsylvaman
The rocks
' Tareall of continental origin and consist of lenticular deposits

- -of conglomerate, sandstone, siltstone, claystone, shale, and
:~:~the anthracite coal itself. The lower part of the stratigraphic

__s_equence is predominantly conglomerate and the upper part

-~ - This non-marlne clastlc sequence is indicative of the
_.environmental conditions of the coal forming swamp during the
Pennsylvanian Period. The Anthracite Region bears a close

resemblance, in the physical properties of the coal and the

clastic sed1ments (exclud1ng metamorph1c effects), to the
low sulfur coals of southeastern West V1rgm1a, Kentucky,r
and Tennessee and may be hypothe51sed to be part of the
‘same Hepos1t10na1 sequence beglnmng in the early Pennsyl-
== = yanian Period. Depog;t;;nr ciur:.ng Pottsville time is con-
- 51dered6 to be in a narrow rapidly and differentially sub-
—=- - --siding ’troug'hr» of the Appalachian Geosyncline with marine
.. conditions far to the southwest and with restricted cir-
~ culation to the northeast. As the troughs filled toward the
close of Pottsville time, platform deposition was occurring
~west of a tectonic hingeline through central West Virginia
| (Flgure 3)and spread throughout Pennsylvama in Allegheny
 time. Prox1m1ty to the sediment source and fresh water
influx were factors that may have kept the sulfur content

of the northeastern Anthracite Fields low while isochronous
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- ‘ FIG. 2 LANDSAT IMAGE OF THE ANTHRACITE REGION OF NORTHEASTERN PENNSYLVANIA

T4-144
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deposition in western Pennsylvania, being subjected to
greater marine influence, become more sulfurous.

In the Anthracite Region the coals are the most persistent
lithologic units. The strata between coal seems commonly
exhibit abrupt lateral changes in thickness and lithology.
Because of these two factors, correlations are all based on
the coal seams and special care was taken, particularly in
the Northern Field to correlate seam data from colliery to
colliery. _

Maximum thickness of the Pennsylvanian rocks is
approximately 4, 900 feet19 and is preserved in the synclines
of the Southern Field near Pottsville. The sequence thins to
the northwest to a maximum of 2, 600 feet in the Western
Middle Field south of Shamokin, a maximum of 2,200 feet
in the Northern Field near Wilkes Barre, and less than
2, 000 feet thick in the deepest part of the Eastern Middle
Field near Hazleton. The lower part of the sequence thins
the most to the northwest and the upper part of the sequence
has been eroded. These factors lend credence to the hypo-
thesis of narrow trough - like deposition during the early
Pennsylvanian and a more extensive platform type beginning
in Allegheny time,

}?ev:ﬂ.ow16 has proposed a lithofacies model based on
diachroﬁous shifting of depositional environments to explain
the northward thinning of the Pottsville conglomerate, Mauch
Chunk Red beds, and Pocono sandstone. Three fundamental
lithofacies are recognized in the Anthracite basins classified
according to depositional environment. These include alluvial
plain, delta plain, and tidal flat. In the lower regressive
Pottsville sequence an alluvial plain depositional environment
grades northward into the tidal flat environment of the Mauch
Chunk Red beds. In the upper Post-Pottsville transgressive
sequence an alluvial plain depositional environment grades

northward to a lower delta plain.

-12-
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I'“-,‘ . - —--1.4.2 Stratigraphy. Stratigraphic correlation of the Pennsylvanian
i i -~ = -rocks of the Anthracite Region generally follows the scheme
. ' outlined in Table 2. Absolute correlation with the bituminous

[ ' ~ coal fields of Western Pennsylvania, Maryland, and West
Virginia has not been established. Tentative relative corre-

; 1at1on, however, is 1nd1cated in the table.

The coal beanng Pehnsylwfan1an rocks are divided 1nto

- - oD - . ge—

s; the lower Pottsville formatmn and the .

overlying Llewellyn formation.

]
i
1
I
|
|
i
il
i
I
|
i
1

TABLE 2 THE STRATIGRAPHIC COLUMN {N THE ANTHRACITE REGION

74-144
SERIES
: SYSTEM FORMAT 1 ON MEMBER COAL SEANS
B STUDY AREA EASTERN U.S.

. , N EROSION SURFACE

. , B o _

’ ' CONEMAUGH
, | MIDOLE AND UPPER LLEWELLYN ‘ , et TaBLES
" _ 7 FORMATION 4.5.6. AND 7

”~
. ?
- ”~
P
- b
ALLEGHENY
PENNSYLVAN I AN —— 7 -
NIDOLE KANAWHA SHARP NOUNTAIN

- <] POTTSVILLE

) , g FORMATION

T ' ? SCHUYKILL

”~
- - LOWER e
- LEE TUMBL ING RUN

MISSISSIPPIAN

AND ‘UPPER MISSISSIPPIAN AND LOWER Mo UPPER MEMBER
PENNSYLVANI AN PENNSYLVANI AN




The Pottsville formation is of early and middle

Pennsylvanian age and ranges in thickness from less than

100 feet in the Northern F{eld to mo.re than 1400 feet

in the Southern Field where it becomes an important coal
producing formation. The Pottsville is the chief ridge former
and is responsible for the steep escarpment around the
Anthracite fields. The lithology is that of a quartz pebble
and cobble conglomerate and quartzose sandstone interbedded
with lesser amounts of siltstone, shale, and coal. Itis
subdivided into three members in the Southern and Western
Middle Fields where it attains maximum thicknéss. The
Pottsville formation contains as many as 11 coal beds in

the western part of the Southern Field, five coal beds in the
western part of the Western Middle Field, only one bed in
parts of the Eastern Middle Field, and no coal beds in the
Northern Field where the Pottsville formation has thinned

to less than 100 feet. The Pottsville coals are thickest in
the western parts of the Southern and the Western Middle
Fields.

The Llewellyn formation is of Middle and Late Pennsyl-

vanian age and includes all consolidated rock above the
Pottsville formation. It is truncated by an erosion surface
and overlain by Quaternary alluvial and glacial deposits.
These glacial deposits bear particular significance to the
subsidence problem in the Northern Anthracite Field due

to the presence of a buried glacial valley.

The Llewellyn formation contains most of the coal
seams of the region and is composed predominantly of
conglomeratic sandstone, quartzose sandstone and siltstone .
with lesser amounts of conglomerate, carbonaceous shale,
and coal. The maximum thickness of formation is dis-

tributed as shown in Table 3.

-14-
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MAXIMUM THICKNESS DISTRIBUTION OF LLEWELLYN FORMATION

TABLE 3
T4-144
B - (red)
X FIELD LLEWELLYN FORMATION THICKNESS
. . —==:==
= NORTHERN 2,200 FEET

EASTERN MIOOLE

LESS THAN 1,500 FEET

WESTERN MIDOLE

1,900 FEET

SOUTHERN

3,500 FEET

7 The Llewellyn formatmn can grossly be d1v1ded 1ni:o
o - s three general hthologlc members. "These conszst of a lower'
and upper coarse gralned darker hued sandstone and

szltstone and shale The middle sequence con51sts of

! lighter hued fine to medium grained sandstone, siltstone,

e - -~ —-and shale. Although there are more than 50 coal seams

-~ =.. . - :-_-inthe southern part of the region and more than 30 coal

__ _Sseams inf the Northern Field a lesser number have enough
lateral d1str1bu‘c10n to ac—llleve ;;lﬁai.‘]or 1mportance as reglonal
seams. The lower coarse grained sequence of the Llewellyn

- formation crenerally contains e1ght persistent coal seams.

" The Buck Mountain and the Mammoth coals of the Southern,
Western, and Eastern Middle Fields and the Red Ash and

“"Baltimore Coals of the Northern Field are the most ex~

i ' : - tensively mined coal beds of the region. The Middle Llewellyn

: : S sequence contains some 15 persistent beds of coal and the

. upper coarse grained sequence, where present, contains

Tables 4, 5, 6,

) and 7 list in strat1graph1c sequence, the major coal seams

some five or more persistent coal beds.

‘for each of the four fields giving the generally accepted name
of the coal seam and the various synonyms used in the different
" coliteries. ® A seam code used in the data collection and

© 7 “modeling effort is included and discussed in Chapter II.

T - - Extensive correlation of seams was carried out in the
¥ - Northern Field carrying the work of Bergin and Robertson'7
—. y ~ from the Wyomlng 1nto the Lackawanna Valley. These corre-
g ____lations are 1,nclfudec_l in taﬁbles:ln seetlon 24 ofth1s report:' ';
; s AR100032




TABLE 4 STRATIGRAPHIC COAL SEAM SUCCESSION, SEAM CODES,

AND SYNOMYMS, NORTHERN ANTHRACITE FIELD 74-144
SEAM LLEWELLYN FORMATION
CODE (p1) 2200 FT. MAX. (010-082)
010 NG. 8
012 HO. 7 (MG. 2. NO. 1 (LUZERNE ©0.))
a4 NO. § (NO. 3, N@. 2 (LUZERNE CO0.))
018 NO. 5 (NO. 4, NG. 3 (LUZERNE CD.))
atg NO. 4 (NO. 5, NG. 3 (LUZERNE CO0.))
020 NG. 3 (NG. 8, NO. 5. NO. 2. TOP BEORGE (LUZERNE €0.))
022 NO. 2 (TOP SNAKE ISLAND (LUZERNE C3.))
024 SNAKE ISLANG (NQ. t. GEORGE (LUZERNE C4.))
028 ABBOT (ORCHARD (LUZERNE CO.). EIGHT-FOOT (LACKAWANNA CO. ))
028 KIONEY (MILLS, BOWKLEY (LUZERNE CO0.). FIVE-FOOT (LACKAWANNA CO.))
030 HILLMAN (FOUR-FAOT. THIRTY INCH (LACKAWANNA C0.))
032 UPPER STANTON (TOP DIAMOND, TOP GRCHARD, TOP STANTON, ROCX. TOP FIVE-FOOT (LUZERNE AND
LACKAWANNA CO.))
834 DIAMOND GR LOWER STANTON (LANCE, BALTIMORE, STANTON, BOTTOM DIAMOND, FIVE-FOOT, ORCHARD
BOTTOM FIVE-FOOT, FOUR-FOOT, TOP FIVE-FOOT (LUZERNE ANO LACKAWANNA €0.))
036 UPPER LANCE (ROCX, TOP ROCX. TOP CHECKER, COGPER, TOP FORGE, TOP FOUR-FOQT (LUZERNE
ANOD LACKAWANNA COUNTIES))
038 LOWER LANCE (ROCX., BOTTOM ROCK, BOTTOM CHECKER. FORGE, FIVE-FOOT. SUMP. LANCE. STANTUN
CHECKER (LUZERME AND LACKAWANNA C0.))
040 UPPER PITTSTON (TOP BALTIMORE, UPPER BALTIMORE, TOP TWIN, COOPER, CHECKER, TOP PITTSTON,
BIG, TOP BIG, PITTSTON, TOP GRASSY (LUZERNE AND LACKAWANNA CO0.))
042 . LOWER PITTSTON (B0TTOM BALTIMORE, LOGWER BALTIMORE, PITTSTON, TWIN, BENNETT, BOTTOM TWIN,
RED BENNETT, SIX FOOT, BIG, BOTTOM BIG, GRASSY (LUZERNE AND LACKAWANNA CO.))
044 UPPER SKIDMORE (NEW COUNTY, CHECKER, TGP ELEVEN-FOOT, TOP MARCY (LUZERNE AND LACKAWANNA C0.))
045 W{DOLE SKIOMORE (TOP MARCY, NEW COUNTY, ETC.)
048 LOWER SKIDMORE (BOTTGM NEW COUNTY. MARCY, SKIODMORE, FORGE, CHECKER, TWIN. ELEVEN-FOOT, TQP
SKIDMORE, BOTTOM ELEVEN-FOOT, ROSS, NINE-FOGT, NEW COUNTY, (LUZERNE AND LACKAWANNA CO.))
050 UPPER ROSS (TOP ROSS, TWIN. MIDOLE sxlnunRE BOTTOM SKIDMORE, TOP CLARK, THREE-FOOT, CLARK.
. (LUZERNE AND LACKAWANNA C0.))
052 MIDDLE ROSS (BOTTOM SPLIT, TOP ROSS, BOTTOM SKIDOMORE, MIOOLE CLARK, (LUZERNE AND
LACKAWANNA ©O.))
054 LOWER ROSS (ROSS. BOTTOM ROSS. ROSS SPLIT, TOP ROSS, THREE-FGOT. BATTOM CLARK, CLARK,
(LUZERNE ANO LACKAWANNA C0.))
058 UPPER RED ASH (DUNMORE NO. 1. TOP RED ASH, CHAUNCEY, ROSS, BOTTOM ROSS, BABYLON, STARK.
NIGGER (LUZERNE AND LACKAWANNA CO0.))
058 MIODLE RED ASH (OUNMORE NO. 2, TOP LEE, FIFTH. FIVE-FOOT (LUZERNE AND LACKAWANNA C0.))
080 LOWER RED ASH (DUNNORE NO. 3. RED ASH, LEE. BOTTOM RED ASH. SIXTH (LUZERNE AND
LACKAWANNA CG. }) '
062 COAL BED A (DUNMGRE NO. 4, “A”, CHINA (LUZERNE AND LACKAWANNA CO.))
POTTSVILLE FORMATION (Pp) ° 100 FEET (070-879)
SHARP MOUNTAIN MEMBER (070-074)
o CAMPBELLS LEDGE (OURYEA. LUZERNE CO.)
080 MAUCH CHUNK FORMATION (Mm) 5-1000 FEET
085 POCONG FORMATION (Mp) 800 FEET
090 CATSKILL FORMATIGN (DCKX)

NOTE: MAX. THICKNESS OF PENNSYLVANIAN ROCKS
APPROX. 2200 FEET

-16-~
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TABLE 5 STRATIGRAPHIC COAL SEAM SUCCESSION, SEAM CODES, AND
SYNONYMS, WESTERN MIDDLE ANTHRACITE FIELD T4-144

SEAM
CODE
030
032
034
036
040
046
048
850
052
T54
BS54
756
056
758

058
860
062

064
066
068

070
072
074
076
078

0380

g8
098

LLEWELLYN FORMATION (P1) 1900 FT. MAX. (010-068)

NO. 20 RABBIT HOLE , o
NO. 19 TUNNEL

NO. 18 PEACH MOUNTAIN

LITTLE TRACY NC. 17

TRACY (NO. 16. NO. 14)

LITTLE DIAMONG NO. 15

DIAMOND (NO. 14. NO. 13)

LITTLE ORCHARD NO. 13 (U. SPLIT TWIN)

ORCHARD (NO. 12 (L. SPLIT TWIN))

PRIMROSE (UPPER SPLIT) NO. 11 (UPPER SPLIT) NO. 11 1/2
PRIMROSE (LOWER SPLIT) NO. 11 (LOWER SPLIT)

Rousgg(uo. 10 1.2, HOLMES) o ’

HOLMES (NO. 10) o ) N

LOWER FOUR-FOOT (NO. 9 1.2. MAMMOTH TOP SPLIT)

MAMMOTH TGP SPLI1T (NO. '8) } )
MAMMOTH MIDDLE SPLIT (NO. B 1.2. NO. 8) MAMMOTH COAL ZONE (238-240)
MAMMOTH BOTTOM SPLIT (NO. 8. NO. 7 1,/2) .
SKIDMORE (NO. 7)

SEVEN FOOT (NG. 8)

BUCK MOUNTAIN (NO. 5)

POTTSVILLE FORMATION (Pp) 860-1250 FEET (070-088)

COAL D
COAL C )
NOTE: WMAX. TH:CKNESS OF PENNSYLVANIAN ROCKS
CoAL B 2600 FT.
COAL A

LYKENS VALLEY NO. 4 (LYKENS VALLEY NO. 2)

MAUCH CHUNK FORMATION (Mm) 3000 FT.

POCONO FORMATION (Mo) )
CATSKILL FORMATION (DCK)




TABLE 6 STRATIGRAPHIC COAL SEAM SUCCESSION, SEAM CODES,
AND SYNONYMS, SOUTHERN ANTHRACITE FIELD

Td-144

SEAM
Coge
g12
ot4
018
018
020
022
024
026
028
030
032

034

036

040
046
048
050
052
054

058

058
050
082

064
068
088

g70
072
974
076
078
0ao

082

Q84
086
088
090
091
092

038
098

LLEWELLYN FORMATION (p!) 3500 F7. MAX. (010-068)

NS. 29

NO. 28

NO. 27

NO. 26

NO. 25

NO. 24

NO. 23 1/2

NO. 22

FAUST (NO. 21)
RABBIT HOLE (NO. 20)
TUNNEL (NO. 19)

PEACH MOUNTAIN (NG. 18)

LITTLE TRACY (NO. 17)

TRACY (NG. 16) (SALEM, TUNNEL)

LITTLE DIAMOND (NS. 15)

DIAMOND (NG. 14)

LITTLE BRCHARD (NG. 13) (TWIN U. SPLIT)
ORCHARD (NO. 12) (TWIN L. SPLIT)
PRIMROSE (NO. 11)

HOLMES (NG. 10)

MANMOTH TOP SPLIT (NO.
!
1

8)
(NO. 8 1/2) }
(NG. 8)

MAMMOTH MIDOLE SPL
HAMMOTH 8QTTOM SPL

SKIDMORE (NO. 7)
SEVENFOOT (NG. 6)
BUCK MOUNTAIN (NO. 5)

POTTSVILLE FORMATION (Pp) >1400 FT. MAX. (070-089)

"o

LITTLE BUCK MOUNTAIN (NO. 4, A)
SCOTTY STEEL NO. 3
SCOTTY STEEL NO. 2

N
T
T

NG. 187 T32
NO. 188 B32 N

NO. 187 T34 “
NO. 188 B34

UPPER FOURFOOT (NO. 16 1/2) 038
LITTLE CLINTON (NO. 15 1/2) 042
CLINTON (NO. (5 1/4) 044 -

7N

z=x
ao
——
==
=™
@ —

MANMOTH COAL ZONE (0S8-062)

SHARP MOUNTAIN MEMBER (Pps) (070-074)

LYKENS VALLEY NO.
LYKENS VALLEY NO.
LYXENS VALLEY NO.

SCHUYLKILL MEMBER (Ppc) (076-080)

LYKENS VALLEY NG.
LYKENS VALLEY NO.
LYKENS VALLEY NO.
LYKENS VALLEY NO. 7

N h e N

TUMBLING RUN MEMBER (Ppt) (082-088)

MAUCH CHUNK FORMATION (Mm) 3500 T FEET (090-094)
UPPER MEMBER (PMmu)

MIDDLE MEMBER (Mmm)
POCONG FORMATION (¥p)
CATSKILL FORMATION (DCK)

NOTE:
ROCAS APPROX. 4300 FT.

MAX. THICKNESS OF PENNSYLVANIAN

~-18-~-
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TABLE 7 STRATIGRAPHIC COAL SEAM SUCCESSION, SEAM CODES, ( d
AND SYNONYMS, EASTERN WIODDLE ANTHRACITE FIELD . 74-144

3532 LLEWELLYN FORMATION (P[) " 1500 FEET MAX (010-068)

040 TRACY

046 LITTLE DIAMOND

148 DIAMOND NO. 2 )

848 DIAMOND NO. 1

050 LITTLE ORCHARD

052 ORCHARD

054 PRIMROSE

058 MANMOTH (058-062)

064 SKIOMORE (WHARTON)

066 SEVEN FOOT (GAMMA)

068 BUCK MOUNTAIN

POTTSVILLE FORMATION (Pp) (070-089) NOTE: MAX. THICKNESS OF PENNSYLVANIAN ROCKS -
©2000 FT.
070 LITTLE BUCK MOUNTAIN (ALPHA)
076 LYKENS VALLEY (NO. 7)
MAUCH CHUNX FORMATION (Mm)

| oss POCONO FORMATION (Mp)

098 CATSKILL FORMATION (BCK)




1.4.3 Structure. The tightly folded and faulted strata of much of

1.4.4

the Anthracite Region reflects the proximity of the area to
the axis of deformational intensity in the Appalachian
Highlands. Two structural generalizations prevail

and have been mentioned previously as they affect topographic
expression. These are the synclinorial aspect of the
Northern, Western Middle, and Southern Fields and
occupance, by the Eastern Middle Field, of the crestal area

of an anticlinorium.

Folding is tighter and asymmetrically shaped in the
western and southern parts of the region and more open

and symmetrical in the Northern Field.

Faulting is prevalent in the region and consists of
low-to-high angle thrust faults, bedding plane faults, - and
tear faults. Displacements along the faults are greatest
in the Southern field reaching one mile on the low-angle
thrusts and 3, 000 feet on the high~angle thrusts. Some of
the faulting and fracture lineations of the Anthracite Region
can be seen on the LANDSAT imagery. A detailed remote sensin
investigation of the Northern Anthracite field was conducted
under Contract EER-123 by Earth Satellite Corporation.

In lieu of any detailed remote sensing analysis for the other
3 fields a cursory lineation analysis was performed by
HRB-Singer personnel on the ERTS imagery with results as

shown in Figure 4.

Post-Llewellyn Deposits - The Buried Glacial Valley. The

geological history of the Anthracite Fields has played a
sign::.ficant role in creating the subsidence problems encountered
today. The glacial erosional and depositional processes have
strongly affected a part of the region exercising their great-

est effect on the Northern Anthracite Field.

The Wyoming Valley is particularly vulnerable to surface
subsidence resulting from mining and natural non-mining

related events. The relatively recent geological history

-20-
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FIG. 4 LANDSAT IMAGERY LINEATIONS IN THE SOUTHERN ANTHRACITE REGION
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together with the physical properties of the anthractie coal v
bearing formations have combined to yield a unique setting .
upon which has been supe.rimposed the subsidence problems. -
The Wyoming Valley, being contained within the northernmost
of the four anthracite fields was subjected to the greatest -
erosion by continental glaciation during Illinoian and Wisconsin
time. The canoe-shaped structure of this synclinorium trends
in a northeast/southwest direction and presented a formidable
obstacle to the southeastward moving ice sheet. Ice move-
ments were diverted southwestward parallel to the long
axis of the structure and the softer and easily fractured beds
of the coal bearing strata (Llewellyn formation) were deepiy
eroded. Subsequent filling of the gouged valley by glacially
transported material during and after the ice retreat has left
the present situation of a ""buried glacial' or "hidden valley."
The presence of this structure has presented a dual hazard
in terms of surface subsidence in the Wyoming Valley. The _
uncertain configuration of this buried valley makes coal ‘ “
mining under and along its margins hazardous and constantly .
presents the possibilities of sudden and catastrophic cave-ins
and inundations by water and water-saturated sediments.
These cave-ins are manifested on the surface by subsidence
of the land. The heterogeneous nature of the unconsolidated
valley fill, in the sense that it is composed of materials of -
both a stratified and unstratified nature, make for unstable .
natural conditions that are largely dependent on the amount of
water contained as ground water and the amount available
from the surface. The valley fill becomes particularly
unstable during times of surface flooding. Natural subsidence
is likely to occur under such conditions.

The presence of glacially transported materials far up
on the slopes of the Wyoming Valley also presents potentially :
unstable conditions under periods of stress such as might - '
be encountered during heavy rainfalls. This is compounded

by the extensive areas of surface strippings and waste piles, ._

—~22=
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In add1t10n to these ha.zards d1rectly or 1nd1rectry
related to the glac:Lal h1story of the region, the almost un-
paralleled destruction of the coal strata by man has left
la.rge areas unprotected and subJect to further destruction
““by fire. The many areas of the anthracite region currently

identified on HRB-Singer, Inc. thermal imagery to be

- burning outcrop and mine waste embankment fires all add to
_the complexity of subsidence problems. It is conceivable
_ that mine fires acting over long periods of time can produce

: : subS1dence on a scale comparable to that produced by coal

The remaming three 'afrtrhraci'te fields remain virtually

. unaffected by direct glaciation lying for the most part south

of all of the terrn1nal moralnes (see Geologic map of

Pennsylvarrnﬂa Gra.y, 1960)

-~ Reverse (Page 24) Blank
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DISCUSSION OF SUBSIDENCE

1.1 Introductmn Ihe en,sﬁging discussion is extracted in part

from:' a draft ofﬁan article on' subsidence and ground

movement prepared by Dr. Robert Stefanko, Profes sor

" of Mining, at the Pennsylvania State Umver51tY- The

7 4rticle was subsequently published in the Mining Engineers

- Handbook., 17

parameters of subsidence.

The discussion assesses the significant

: There ‘e r man factors affectxng the stab111t}r of an - » o

underground mlne,' (see Flgure 5). The span (W) is un-

'iidoubterdly onerorfiﬂthiemost important factors contributing

- —=——to roof failure. If the mined area is relatively small,

the overlying rock strata can bridge across the opening
__.and little if any movement or convergence of top and_
bottom will occur. However, as the span increases, a
point is reached where the stress in the overlying rock
strata exceeds a glven strength value of the rock in the

mine structure and the top breaks. If the span is limited

" to some subcritical value (- W ) and/or is located at
great depth (D) from the surface, a pseudoarch will form
achieving stability before rupture occurs to the surface.
The boundary of this arch is thought to approximate an
‘ellipse in form with the major axis vertical and equal

to four times W, although little field research has been

- onducted to substantlate th1s theory If however, span
7 7 Wldth “1_5 1ncreased to some cr1t1ca1 value (W ) and/or the
same span is created at another horizon in a shallower seam,
“the overlying strata will progressively rupture to the surface
“and form the characteristic subsidence trough (Fig. 5).

In subsidence the surface area affected is much greater
than the area of the seam extracted. To define this area, an

angle is drawn between a vertical line from the edge of thz

—25-
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™ PEs = seam opemng a.nd another hne extended to a po1nt at @h&gl)

E\ -~ B 7 zero subsidence occurs end is called the angle of draw
. (a). This angle has been found to be about 35° in Europe
i ‘but Vsi1nce the subsidence effgcﬁt}gwsp small at any point beyond
. R 25 angle, thls latter f1gure may be con51dered the
pract1ca1 hm1t of subsidence. Furthermore md1ca.t1ens are 7 7
B that the angle of draw vanes w1th depth ‘and nature of the
;—f ' ~ strata. SR ’ . o
~ o B N ” The Wldth ofﬂthe eicavatlon apphes to any complex
E _: mxmng system of entries, rooms ‘and longwalls as long as
- the seam has been fully extracted and the width represents
F; "7 the distance from one solid rib to another. The amount of -
= - -~ — vertical displacement varies from point to point on the
I " . surface (s), but the maximum subsidence for a given trough
S . .iis _.-occurs at the center (8). The latter value may not be
T ,(,,ﬂ-v,,,,:,,.‘...5,.%.,1‘..._Awequal to the maximum p0551b1e subsidence (S ) which
! ‘ - ' occurs only if a critical or supercr1t1ca1 (+W ) width has
been exceeded.
_. . ~ . weoo. - . ... ... . Since substantial surface damage can result when subsi-
- -~ . ... .. =.-- dence occurs, the factors affecting the amount and type of
ground movement must be recognized. These factors
include thickness and properties of the seam, angle of
draw, width of excavation, depth and type of overburden,
inclinations of strata and 'Vsdrﬂifrra"ee, and the amount of
) support left in the gob. In Europe, high population densities,
o 77" "high development costs due to excessive depth and poor
| :  © - natural conditions, the mining of superposed seams and
:""L- -7 SRR o e Yo} of stringerit subsidence damege liability have led to a
- ==-. . comprehensive evaluation of subsidence and its damaging
- .. effects. A great deal of empirical information has been
- _gathered to identify the factors leading to subsidence in
'. o order to opt1m1ze mlmng methods to minimize the
o *“ﬂfincié;ice of damage . - S
[

(.
i




2.1.2 (Critical Area. The concept of a critical width of extraction
(in reality critical area) is indisputable today and merits

brief discussion. Assuming an infinite length of working

2 panel (a panel length in excess of 1.4 of the depth of mining

actually fulfills this criterion), a critical width (Wc) of o
extraction for a given depth (D) has been found at which the -
subsidence at the bottom of the surface trough in the center —
has a maximum possible value (S ). Subcritical -
widths of extraction ( -Wc) produce a trough subsidence (S) |
less than (Sm) while a supercritical value (+Wc) creates an
expanding flat trough with a maximum value equal to Sm’
Figure 5.

Precision leveling of surface subsidence stations in
Europe has permitted a graphical illustration of the re-
lationships of W, D, and S. Maximum subsidence of a
trough can be expressed in terms of percentage of seam
thickness (S/t). The subsidence development curve in
Figure 6 has been found to be applicable for British condi-

tions. This is a mean subsidence curve based on measurement

made by the National Coal Board over 157 coal mines from
100 to 2600 ft. deep, with searns ranging in thickness from
2-18 ft. and inclined up to 25° with the horizontal, with e
widths varying from 100 to 1500 ft. and width/depth ratios
from 0.05 to 4.0. It is apparent that as long as the W/D
ratio is less than 0.25, subsidence (and inferentially
damage) is negligible. Furthermore, it is apparent from
the figure that a W/D ratio of 1.2 total subsidence has been
achieved, which for total caving exceeds 90% of the seam
thickness. Further mining beyond this point merely expands -
the flat portion of the trough, the maximum value of sub-

sidence remaining constant. In Western Pennsylvania —

surface subsidence was found to be 60% of seam thickness
over an 84 inch thick coal bed located 313 to 345 ft. deep.
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Each subsiding pbint. on the surface (Fig‘ux:e 7) has a
horizontal component as well as a vertical one. As the
points move toward the center of the trough different-
ially, a portion of the surface is in tension while another
portion is in compression. The neutral or transition point
is found to occur just inside the gob area close to the rib
of the opening near critical width and is also found to be
the half-point of subsidence (S/2). For Subcritical widths,
this point appears over the solid rib while for supercritical
width it appears further in the gob. The maximum tensile and
compressive strains have been found to occur when the width
to depth ratio (W/D) is approximately equal to one half the
critical width (WC/Z). The angle included between a hori-
zontal line and another drawn from the edge of the working
to a point on the surface subject to maximum tensile strain

is defined as the angle of break.

Figure 7 reveals that the W/D ratio alone may not be
the most important consideration in minimizing building
damage. Two seams with the same thickness may be mined
at different depths but have identical W/D ratios and thus
have the same amount of vertical subsidence. However,
because the curvature is greater with the shallower seam,
the tensile strain will be higher and greater damage can be
anticipated in a given building. Looking carefully at this
figure, it can be intuitively reasoned and proved mathe-
matically that a thicker seam for an otherwise identical
condition would create greater curvature and lead to
increased tensile strains and subsequent damage. Thus
it can be stated unequivocably that the greatest damage
potential lies with the mining of thicker seams near the
surface. The failure to recognize this has resulted in
serious damage or very ineffective damage control measures.
It would be poor engineering to accept the corollary of this,
however, that greater mistakes can be tolerated at a greater

depth with thinner seams without disaster.
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TENSION (1)
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STRAIN SCALE
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FIGURE 7 EFFECT(?P)’ SEAM DEPTH ON GROUND CURYATURE AND STRAIN UNDER IDENTICAL W/D CONDI -
TIONS. :
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To this point in the discussion only a completely
unsupported span has been considered. In mining practice
however, the pressure of small pillars as abutment piers
within the unsupported area is the common case. The
practical implication is revealed in Figure 8 which shows a
typical lqngwall operation in central Pennsylvania. Here
one of the important seams mined is approkirnately 44 in.
thick and lies 700-1000 ft. deep. A longwall face 600 ft.
wide is blocked out by a pair of three 18-ft. wide entries
on 70 ft. centers. Obviously, the first panel mined would
provide a subcritical width of excavation and full subsidence
would not be realized. With the mining of a second panel,
however, a critical width would be achieved over the two
panels. The presence of the two chain pillars from the
previously mined panel would provide central support and
maximum subsidence would not occur on the surface. In-
stead, a modified curve such as shown in Figure 8 would
result. Studies abroad have revealed that 40% of normal
subsidence would be expected in the center of the trough.
In a continuing study in central Pennsylvania it has been
found that the surface is being let down very slowly and
uniformly and over a foot of subsidence already has been
detected on the surface over chain pillars. It is impossible
to predict the amount of subsidence over such small pillars
although their yielding might prove very beneficial. The
effect of small pillars in minimizing subsidence by main-
taining stability is very unpredictable. Entering into the
calculations are at least the following factors: depth,
extraction ratio, pillar loading, height-to-width ratio of the
pillar, size and shape of pillars, strength characteristics.
of the mineral and surrounding rock, wetness of workings

and degree of pillar confinement.

-32-

ARI0OO0LS

SRl




OIICJEJ’ oo Oocoo O oog
0o 0of—-j0ar a
oo 00§ s 100
NEXT PANEL :
T0 BE umeu\.ﬂ\ﬂ oo ; a0
oo™ oo C M/"MINED
141] ao .. “*100
oo go o aa
Y 0o 111 0o ‘
go 1] =100 ;
oo ag 100
oo oa oo
0o ao {00
oo ao 100
go . 100} 400
oo 00} 0o
oo 00k ‘ 100
] 0o i H
0o oo . (oo
oo . oo ool oo
0o ] aoL__.._joo
.—_ODDDDDDDDDUQUUDDDQUO—-
Soo0oooe o DEUQGEDDDQEDDDQE
JOo0oCoo o ocooo fom v o 2 B e O o B e e O QcC
JooOoDoooooam e Rom o B« § s oo o B owe [ ¥ o B e ) 2
e e e R e R I N R =R R I == =R 1=R =1
:::nocc:aonmccamncao:ﬂ::

2 000ICc o 000000 OoDIaOe
=gl == == R = =T ==t =T=R N1
SUBSIDENCE PROFILE SUBS IDENCE PROFILE

MODIFIED BY CHAIN PILLARS WITHOUT CHAIN PILLARS
—1‘--\
—_— —T T ]

SECTION ON X - X

FIGURE 8  SURFACE SUBSIDENCE PROFILES OVER LONGWALL PANELS WITH AND WITHOUT CENTRAL
CHAIN PILLARS

74-144

3 3a

_ ARIOCOSO




4

wt "

2.2

t

SUBSIDENCE EVALUATION CRITERIA

2.2.1 Critical Parameters. The basis of critical parameter

selection was the evaluation of historical data, experi-
mental model studies and theoretical analysis both as re-
poi:ted in the literature and through personal communi-

cations.

Initially three basic types of data were reviewed in
formulating parameter criticality. The first of these is
physical/natural data reflecting endemic conditions and
the influence of other natural phenomena. These para-
meters include the geology, hydrology, physiography, and

meteorological aspects affecting each land area.

The influences due to these parameters may range from
continuous and dynamic through static and quasi-passive
depending on their temporal relationship to the subsidence

development curve.

Structural and cultural influences form the second
basic data type and include man made parameters ranging
from initial mine portal and extraction techniques through
present day loading effects created by urbanization. Many
of these parameters are dynamic in nature and provide a
continuum of interactions with the physical/natural para-

meters.

Social/Economic elements constitute the third basic
type of data and refer to the social and economic character-
istics present in each land area. The social elements
pertain to the distribution characteristics of the population,
while the economic elements refer to the composition of

their resources and activities.

During the early stages of data source location and
preliminary model development the list of possible para-

meters affecting or related to subsidence was narrowed.
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- As data collectlon progressed and data sources became known

and the types and reliability of these data established it

V"'ibecazne ev1dent that certain parameters were critical to

“the determination of subsidence.

The final computerized data base was formulated to

~hold these specific parameters from which maximum subsi-

‘dence and subsidence r1sk/potent1a1 could be calcu-

lated In add1t1on to locatlon and seam code 1dent1f1cat10n

number the followxng twenty three cr1t1ca1 parameters

. 1nc1ude '
Seam Th1ckness , Width (Span) | Surface
. Elevation
“Seam Depth Collapse Slope
"~ Percentage Extraction Backfill Past Sub-
S . _sidence
Rock Cover Lithology No mining
'~ Minimum Pillar - S "
Dimension Condition Flood Level
Minimum P111ar Area Dip Population
: Rock Integrlty ' : tPcol Level - Real Estate
e Value .

Year Last Mined Soil Thickness

Calculatlons made from these data values 1nclude

" maximum subsidence (S, ) Width to Depth ratio (W/D),

 pillar Pressure, Pillar W1dth to Thickness ratio, and
Pillar Width to Depth ratio.

These calculat:.ons and data are used by the computer
‘model to c1a551fy “each basic land area into subsidence

1sk/potent1a1 classes.

Each of the cr1t1cal parameters is dlscussed in section

2. 3 2 and data collection procedures in section 2.3.1.

o Computer modehng calculatmns are d1scussed in section

2.5.
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2.2.2 Grid System. A primary requirement to represent the

Anthracite Region in a workable, organized manner was to .
develop a base map reference system.- Many considerations

had to be taken into account to make this data base practical.
Among them was the ability of the system to (a) provide
adequate resolution, (b) be compatible with or easily con-
vertible to existing data sources thereby facilitating data
transfer and subsequent coding for computer location,
correlation, and cross-correlation, and (c), provide for

easy expansion of the system in terms of both serial coverage

and applicability to related studies.

An initial consideration was the type and scale of map.
During the early phases of data collection, many agencies
visited were observed to be using the 7.5 minute series
topographic quadrangle maps of the U.S. Geological Survey
with a scale of 1:24,000. Many previous projects at HRB-
Singer involving the Anthracite Region had proven the

usefulness of these maps not only for their topography but .
for their natural and cultural features which are of special
interest in this study. These factors in addition to the

general familiarity of this map series to any potential user

of the final output product led to the adoption of the 7 1/2

minute quadrangle as the base map.

The next decision involved the method of subdividing
the quadrangle maps to achieve the objectives stated earlier.
Two candidate systems seemed appropriate. One was to use
the Universal Transverse Mercator Projection system.
The advantages included the ability to read out directly
from the maps the distance in meters on a north-south
and east-west grid and also to make use of the grid system
to enclose the segments or elements of territory to create
a finite square area that would be the same over the entire
region. A major disadvantage was that the grid system is
not confined to the boundaries of the individual quadrangle .

maps but would generate some elements that would appear
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o pa.rtlally on two or more quadrangles .' Also, w1thout

further subdivision the segments pnnted on the quadrangles
would form an area of approxuna.tely 242 acres - somewhat

too large for the resolution desired.

‘The system finally implemented employs the 1:24, 000

. . —. (71/2") series of topographic maps but with subdivisions

- : - - = -rconfined to each quadrangle into nine 2 1/2' sections (or

L ' . rectangles) as marked on the maps andthen further sub-

. dividing each section into a referenced 10 x 10 grid.
Rectangular elements of approximately 1500 feet by 1160
feet or 40 acres are formed. The des1red vertical and o

‘ 7 - horlzontal control requ1red as"\kell as the resolution necessary 7

for the more developed urbanized areas can be maintained

u51ng thls method. In add1t10n, the base scale is compatlble o

with much of the ex1st1ng data for the area and the element

breakdown provides for easy computer coding for location

and correlation. Section 3.3.2 of this report contains the

maps with this grid system superimposed. Figure 9

T. illustrates the identification system for each quadrangle

~ __down to the specific element size, i.e. Nanticoke Quadrangle,
Section 9, Element C-8. Figure 10 shows the same element .
(hatched) to actual scale. This system, adopted for the

 entire . study area, proved to be adequate and will be easy

to further 1mplement as additional work in the area or

addltmnal areas are brought into the systeml.

2.3 DATA COLLECTION FORMAT/PROCEDURES

2.3.1 Data Collection.

2.3.1.1 Preliminary Data Collection; The acquisition

of information relevant to the critical parameters

identified for subsidence potential classification wh1le

encompassing such a large,geographlcal area as

. the Anthracite Region proved to be a task of major
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effort. In the early probing for information it
soon became apparent that no single agency or
office would be sufficient. The early scope of the .
effort included investigations in each county
courthouse for records of assessment and mapping
of mined lands as well as visits to county and
regional planning groups for maps indicating
densities of population and existing and future

land use. It soon became apparent that among the
counties involved, wide diversity exists regarding
the extent and quality of information available.
This is especially true of the availability of maps
of mined land and assessment information but
exists in the planning agencies as 'well depending
upon the degree to which planning has occurred

in each county.

An initial interest was to locate areas of
previous subsidence. Newspaper records and
Subsidence Insurance Claims Reports form a .
large history of subsidence in the Northern Field.
An intensive effort was made in the DER, Bureau of )
Land Protection, Division of Mine Subsidence Insurance.
Office in Wilkes Barre to identify each insurance holder
that had a claim resulting from subsidence damage.
Newspaper records were also collected and subsidence
indicated by these two data sources were plotted.
Claims records were made and filed for reference

to evaluate the accuracy of the model.

Since mine water pools and their fluctuations
have been identified as a critical parameter
affécting stability, information was collected in
the DER Subsidence Office in the form of a bore-~
hole monitoring map for the northern field with

monthly update listings of the mine pool elevations

and their fluctuations. ' .
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r : oer - == w- o =-Since coal extraction within each Qifn@is the
' '  single most important factor governing the likeli-
. : hood of subsidence, a concentrated effort was

made to identify the most comprehensive files of
_ mine maps that could be used. Some considera-
tions included the overall scope of territory

involved which precluded any one m1mng company

T A |

“from represent1ng more than a small percentage
of the area under study. Also since all deep
r~ T T T 777 mining had ceased in the Northern Field and most
' mining is surface mining in all the fields, many
- - ~ e e e cwme oo -~ of the original custodians of the maps (i.e., active
| mining companiee) have gone out of existence.
of the maps either 1ntent;onally or from poor
~ storage conditions.
” The DER Offxce of ReSOurces Management Anthra-
cite Region Suboffice, in Pottsville has a large collect:.(
" of mine maps and proved to be a useful source. A
. practlcal consideration in the use of the mine maps
for a g1ven area was the accurdte posﬂnomng of them .
with respect to the surface. Since most maps are
1'"'=100" scale and are very large, the arrangement
of the mine map sheets relative to each other and
the surface for each coal bed mined is a time con-

) sumxng task requlnng a great deal of space and a
knowledge ‘of the area and the collieries. These
conside ratmns and the fact that the DER collection
of maps is not necessarily complete for each
cvolliery led the data collection team to consider

— e o= s es e = = o= - the folio method of mine map documentation that
is belng conducted at the USBM offices in Wilkes

L Barre and Schuylklll Haven. The folio method
was undertaken to study subsidence of the

- o - levee system of the Wyoming Valley by the

s e RS- _7:41-7 SR
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2.3.1.2

USBM, the USGS, and the Army Corps of

Engineers as reported in the Northeast Flood

Study, Susquehanna River, Pennsvylvania. 15

It has been extended to other areas since then.
After obtaining permission from the officials at
USBM to extract information from the folios,

a system was established to complete coal
extraction data for all the territory represented
by the folios. A description of the folios and data

collection system follows.

Mine Map Folios. Approximately two-thirds of

the coal lands in the Northern Field and a part

of the coal lands in the Western Middle and
Southern Fields have been divided into sections
called Panels and subdivided into rectangular
areas by the United States Bureau of Mines in
the Wilkes Barre and Schuylkill Haven offices.
Each subdivision is usually 4200*' x 3000' and

is represented by a series of maps comprising a
Folio. The panels lie in a Northwest-Southeast
(iirection in the Northern Field and nearly a
North-South direction in the lower fields. Each
Folio group within each Panel forms either the
entire area or part of the coal measures across
the field depending upon whether or not that Panel
is complete. All Panels and Folios are arranged
by a number and letter system on a set of "Key"
Maps made up from Quadrangle maps at a scale
of 1:24, 000, )

. A Folio is so named because each one con-
tains essential information regarding that area in
a stratigraphic sequence of maps from the surface
to the lowest minhed coal bed arranged in correct
geograp hic orientation to each other. Each mined
seam is usually represented by one map but in

some cases more than one seam level is shown
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I . ORIGIN!

.on a map. The maps of the coal beds are (red)
blueprints of original mine maps obtained from
the various collieries and 'arranged in the folios

without regard to colliery boundaries. These

maps contain the most authentic information

o " obtainable concerning underground mine workings.
T - -~~~ - ———The surface map indicates geographic features of
o ' T o e o "the area including surface elevations. One or more
b .- - = ...- - -cross sections of the area are usually included
- - e+ w---—- and indicate general information such as beds
'! , ..mined and unmined, s'urface contour, ovgrburden
_ . , . _ .. depth, coal bed thickness, rock thickness between
x ' - S W"'beds,ﬁ'" dip'of”‘bedbé van"d:‘beds backfilled. A structure
. contour map of the bedrock surface is usually
‘fm ) "~ included in the Norfhern Fleld Mo St folios
o " are at a scale of 1"'=100" but some in the Southern
) — B o ‘region are 1”-200' ‘and are made from microfilm
prints. The mine map prints are detailed graphic
;f’. descriptions of how the bed was mined as viewed
| N . e ' oeneweee ... from above. The coal beds are commonly inclined
- ... . and therefore the view is foreshortened. The dip
angle of the beds range from 0° to 90°. Because
of the dip the view depicted can best be described
k as the projection of a slanted line on a horizontal
' ‘plane (Flgure 11). Each folio is further subdivided
T into 6'' squares (or 600' x 600" ) called blocks.
Since most folios are 4200' x 3000', the blocks
" form a grid as shown. S
- o R i i 1 2 3 ¢ 5 6 7
8
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PILLARS

FIGURE 11

BLACK DUAGRAM [LLUSTRATING MINE MAP PROIECTION

COALSEAM

T4-144

An initial task.in the extraction of data from these

folios was the orientation of the folio grid system

to the quadrangle element system. Neither the

size nor the north-south orientation were the
same. The orientation of the folio grid lines were
perpendicular and parallel to the general strike

of the coal measures while the elements on the
quadrangle maps run north-south and east-west.
To facilitate transfer of data from the folio to
each element, acetate overlays of the grid system
for the quadrangles and the overlay of the folio
"Key' block system were made at a scale of

1:24, 000. The element grid system could then -
be positioned over the folio key map and folio

blocks chosen to represent each overlying

element. Data was collected for each element and -
not from each block. The elements are considerably
larger than a block (representing =~ 40 acres)

and oriented at an angle to the block boundaries

-44- —
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- o . . .. .. . _as described above. Approxuna.tely fou:(ﬁ'ﬁ&lcs
equal the same area as an element but because
_. ‘ ~ of the skewness of their orientation, information

' covenng 6-9 blocks _per folio was generally used
in determlnatmn of the element parameter charac-

' ter1st1cs " In all cases the worst 10% of the mine

" map information covered by an element was

"~ entered on the data collection sheets.

B --.-- 2.3.1.3 Data Collection Procedure -~ Work Sheet. To

- . .~ _ . .. . facilitate collection of data from the folios and . -

. mine maps, a field mining work éheet was designed

that-would contain all necessary informationr from
the maps for each element from the surfa.ce to 7

S the_hgttom coal bed. F1gure 12 is an example of

- awork sheet "The uppermost portlon of the sheet

" “designates the identifiers for each element. The

=~~~ Folio, Location, and Colliery is the identification
given by the USBM and their mine maps. The
blocks in the upper right are the location identi-

 fiers for the Quadrangle, Section, Element,

_ Subelement, Sheet, and Type according to the . -
HRB-Singer system of identification. The Engineer
and Date gives the data collector's name and the

7 day he wo rked on that locatlon

The actual 1nformat1on f;'orn the maps beglns

in the ‘upper left of the sheet with the surface

elevation. The surface elevatlon was obtalned

“from several different sources. Borehole

contours, or quadrangle map contours are

common sources. Bed rock surface was given

S eiee '+ weemein some folios in the Northern Field on a bed rock
surface contour map. This was included because
of the large differences between the surface and

top-of-rock elevations as a result of the alluvium

- ,_e-;w<~iﬂRlOoosz
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[

S Of the WY°m1ng Valley (The Buried Valleg’red)

Below the bed rock surface block is a choice

“of mine entry types (D.1.). Each entrance is

shown on the mine maps as one of the four

-~ —types - drift, tunnel, slope/plane, or shaft.

The upper and lower elevations, width, and
height were obtained by measuring the opening

on the maps. Vertical shafts are most common
The

' height of a vertical shaft was found by subtracting

ﬁ_\_a\nd 'cbheir‘_mleq_g:l_:h ars‘_m_wel:.l as widt‘hrwasﬂgiven,

the elevation of the lowest coal bed where the

shaft appeared from the surface elevation.

With the exception of miscellaneous notes,
all other data was taken for each coal bed (or
" ‘seam) that appeared as mined in that location.
" Since most seams were known by many names
depending upon the location, the colliery, and
the mining company personnel who were mining
- them, a seam code was assigned from the standard
- .. -geologic section. (See Tables 4, 5, 6, and 7 in

_Section 1.4.2.)

The seam elevation is taken from the floor

_ .of the mine and as near to the center of the element_
_ as it could be found on the maps. The thickness

was found the same way and was recorded as the

vein thxckness The _dg}lt_l} was calculated by sub -
tracting the bed elevation from the surface ele-
~ _vation. The dip is the degree and direction the
bed is inclined from the horizontal as measured
~~in a vertical plane oriented normal to the strike.
It was recorded as an angle and compass direc-
tion as indicated on the mine maps. If there were
numerouls dips in the area, an average dip was
assigned and circled, e.g., 5 SE. When there

- were no dip notations present, they were

=7
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[ # .
calculated by finding three elevations to get -
a general overall dip for the element.
The "W' column represents the width or
v AL e S the representative span of unsupported distance -
sy 4'\ P in the area under study. This could be the

width of the chambers, the width of a gé.ngway',

the mdth betweeﬁ ;:eserve pillars in a robbed
area, or one of several combinations of

situations depending upén the type and extent

of extraction. Where odd configurations appeared,
the figure recorded was measured across the -
cavity at the widest point. Figure 13 illustrates - -
the technique. If such a width was equal to or

greater than 600 feet, 600 or 600+ was recorded

since that was the length of one side of a block

on the folios .

/////] ROBBED PILLARS

FIGURE 13  MINE MAP SHOWING METHOD OF MEASURING WIDTH (SPAN) OF UNSUPPORTED OPEN DISTANCE.
HATCHED LINES INDICATE ROBBED PILLARS.
T4-144
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__E.l. is the Mining Method and could be room
__and pillar, chute/pitch, long wall, or stripping.

and p:.llar outhnes - Most often the room and pillar
~ modified version of room and pillar extraction
- ‘using gravity to transport the coal down the

—~ chambers to the gangways. Long wall mining

-=is not common in the Anthracite Region but some

__outcrop areas of the mine maps indicate areas of

_labelled on the mine maps. The surface maps and

~sources of information are necessary to bring

. coal. Extraction information was given in percentage

~ranges of the ratio of mine map surface area of
scale was laid across the chambers measunng the
other unmined areas. No allowance was made

"for the foreshortening of the maps due to the dip

. vein thickness and coal thickriess . The veir_l

~ORIGINAL

red)

’I'he next group of data t cen for each seam

(E 1. - D.6. ) was a.rra.nged as multlple choice

entries to speed up the data collection process.

~The cholce was made by checking the chamber

method was indicated. Chute and p1tch was not

indicated even in highly dibping beds and is a

was indicated in the Scranton area. It is so

str1pp1ng It should be noted however, that much
" of the strlpplng in the present and recent past is
not noted on the folios. Since deep mining and
stripping was usually done in the same area,

stripping information is given in the notes. Other

stripping locations and depths up to date. If an
area was partly deep mined and partly stripped,
the entry was recorded as A/D.

- «--KE.2. denotes Percent of Extraction of available

the chambers to the total area. An engineers'

open area » widths compared to plllar w1dths and

angles. The thickness of the removed coal was

taken from two thicknesses recorded on the maps -

,-49--_ o
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thickness was usually greater and that was the
" number used rounded off to the nearest foot.

When no thickness was given, a thickness value

was taken from adjacent areas. Information
regarding unmined areas and large supports
such as barrier pillars was given in the notes.
An area with greater than 90% extraction was -
considered to be robbed. Extraction of 70% - .
90% occurred when chambers were much larger -
than pillars. 50% to 70% extraction was recorded

when the chambers are the same size or somewhat

larger than the pillars. Less than 50% extraction
occurred when the pillars are larger than the

chambers. Worst case conditions were used

measuring the largest open widths in robbed

areas. When a measurement extended out of the

block, it was marked 600 or 600+. Care was

taken to instruct each data collector to follow -

the same procedure for determining his choice ‘

of the percentage removed. Note that the percent-
age ranges from which to choose are sufficiently
broad that minor errors in measurement would not .

affect the choice.

E.3. designates the type of Backfill Material

that was deposited in some parts of some beds.
Symbols made by the mine maps draftsmen denoted
the material type and the Method of Backfilling
(E.5.) There was seldom any indication of whether
or not the cavities were completely filled. Other
data such as boundaries of flushing projects have
been used to determine areas that would be signi- -

ficantly affected by backfilling. p -

D.2. denotes Pillar Type, either a support ‘

pillar or a barrier pillar. Each location being

investigated was sufficiently large that where a

barrier pillar between two collieries was present,

support pillars were also present. Where this

- 50- o
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-~ -~.occurred the information for D.2. as wUied)
D.4., D.5., and D.6. was taken from the support

p111ars and spec1a1 note of the existence and
du‘nensmns of the barner pillar was made in

. the_ notes. Support pxllars were taken to be division

D3

g1ven on mine maps and in almost all cases is

- Plllar Cond:.tmn is not

"~ not known today.

— S D4 P Percent Extractmn is the percent of

a p111ar removed dunng second and third mining.
. The maps ‘rarely showed existence of pillars
---partially removed. Therefore this block was usually
“left blank as was D.3. The maps were updated
-+ se-em—=e. - ~fOr second and third mining activities but when as
-~ . - ...—much coal as possible had been removed without
77777 _roof collapse, the plllars were often designated

““as rernoved even though many of them almost

‘ certamly remaln 1n total or as split pillars.

.D.5, Average Pillar Area ard D.6. Average

- Minimum Dimension were taken for a representative

pillar within the location being studied. Judgment
. on the part of the data collector was necessary to

choose ‘that representatlve p1llar and then to scale

“it for the large and small dimensions. The small
- dimension for that pillar became the dimension
ST used to select the correct range of the Average
 Minimum Dimension (D.6.) By multiplying the
.large and small d1mens1on of the pillar the approxi-
77777 _mate area (D.5.) was established to select the

appropriate area range. Here again no allowance

is made for the foreshortemng of dimensions on

the maps ‘because of the dip of the beds. This is

especially critical in the Western Middle and other

‘southern fields where the coal is steeply inclined.

S P
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2.3.1.4

The year of mining was taken from the mine
maps wherever it could be found. These dates
were frequently given in only a few locations

across the maps.

The notes contain not only information about
stripped areas and robbed areas, but any additional
information that might affect the stability of the
mine roof. Examples of such notes are division
pillar dimensions if present, proximity to unmined
areas, as well as notations of squeeze areas,

faulting areas, or pillar splitting.

All of the types of data discussed so far are
repeated for each element and for each bed mined
in a given element. It should be kept in mind
that for each bit of information extracted, a finite
dimension, notation, or condition was selected to
represent each element of approximately 40 acres.

Approximately 10% of each elemental area was

chosen that appeared to have the most severe

conditions that would contribute to subsidence.

The 40 acre resolution used for this study was
necessary to be able to complete such a large
data collection effort within the constraints of

the contract. To assess any particular area for

a particular use or planned use would require

an intensive investigation similar to that carried

out by the state for school building locatious. 2

In all but the Northern field, the elevations were
translated to the center of the element as described
in Section 2.3.1.4.

Flevation Shift - Western Middle, Eastern Middle,
and Southern Fields. Because of the variations

of the dip of the strata in these fields it is likely

that the angle recorded as the dip at the center of

each 40 acre element is not exact. The variations
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o , e .in the dlps of the coal beds and the gg:q:%at the
! : - ' ' bed elevations are usually not given on the mine

7 7 maps at the element center necessitated a trigono-
P ' metnc conversion of the elevation at the point 7
; recorded to what it should be at the element center.
This conversion is called the Elevation Shift and
~ was accomplished for each bed in each element
= ' ’ o 77 T 7asfollows: The distance d (Figure 14) from the
‘ —- - - center to the known elevation is measured on
—~ - = e oms e —the map. The d1p angle direction is drawn in
' and the angle  is measured to within 5°. The
. Cos 6 multiplied by the distance d is the distance
- from the center to a point B' on the plane of the
center directly above or below the known elevation.
The Tan ¢ mult1p11ed by the distance d Cos ¢,
; gwes ‘the elevatmn sh:ft (a) to the centermpomt, B i
co T T T S 2 dCos § Tan ¢. To find the coal seam elevation
" © " at the element center the elevation shift was either
4 B ~ -~ added or subtracted depending or;. the value of the
5. - known elevation. To simplify this process Table 8
- S - e - . .—-was made to find these elevation shifts. This
table is a tabulation of the ELEVATION SHIFT PER"
FOOT of distance (d). The takle was calculated for dip
(¢) from 0° to 900 and shift angles (6) of 0° to 90°
in five degree steps (0 50, 10 .. 900) The
' drp angie (¢) is listed alodg the hor1zonta1 axis
and the shift angle (4) is listed along the vertical,
- with the elevation shift per foot given in the boxes
‘between the axes. When the elevation of the center
is found and recorded the data for one bed is
___complete and work can begin on the next bed.
Before moving on to the next element the surface |
elevation for the center must be obtained. This
elevation is obtained from the spot elevation or
contour line nearest the element center taken from
. a surface elevation on one of the seam maps, or

~ -
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ﬂ R ‘ G l :4% i L from the topographic map of the area. The data £

ed) collection procedure is carried out for all portions .
(r of the mine map folio which contain centers -

of elements. .

2.3.1.5 Areas not Covered by Folios. For those areas

in each of the four fields where folios do not -
exist, alternate data collection methods had to -
be initiated. A major part of these areas with
the éxception of the Eastern Middle Field were
represented in the USBM offices with maps of
either the 1''=400' or 1''=100' scale. The areas
could be identified as either mined or unmined
according to recent U.S.G.S. geological maps or
from mining depicted on 1':800' maps of the

Pennsylvania Second Geological Survey of the 1890's.

< The data collection procedure for those areas
where maps were available was the same as that
for the folios once the maps were arranged in ‘"
the stratigraphic sequence and identified as to
exact colliery location. Each set of maps was for
a colliery, so the elements were completed one o
at a time and colliery-by-colliery. This procedure - .
was sufficient to complete the entire Northern Field
except for the Stackhouse Colliery at Shickshinny.
All extraction data for the Northern Field was
collected by these two methods at the USBM Office

in Wilkes Barre.

For those collieries in the Western Middle
and Southern Fields near the areas represented

in the folios, the mine map copies are being cut

and fitted as each folio is completed. Since the
remnants of these copies would have been impossible —
to arrange accurately, those collieries were

investigated from mine maps that could be located ‘_

-56= ~
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in the DER Resources lyfanagement Office in
- Pottsville. All extractmn data collected for

'W'the Western Mlddle and Southern Flélds we re done
in the Schuylklll Haven Office of the USBM and

DER thce 1n Potts v111e. '

s The areas where extractmn data could not be
collected were treated differently and to varying

degrees of detall. Data for the entire Eastern

7 M:dele F1e1d were dlfflcult to obtain since neither
" the Wilkes Barre nor Schuylkﬂl Haven Offices of

:‘ the USBM have undertaken to retr1eve the sets of

colhery maps for folio assembly. Some maps are

__on file with DER but there is no way of knowing if

~-- each colliery represented is complete for all beds

- ~mined in any specific area without extensive
_ ..research for each colliery at each custodian
~ location for the colliery maps. An interview with
personnel 1nvolved w1th present mining in large
areas of the Eastern Mlddle F1eld conflrmed what
" had been 1ndlcated in ther state and federal m1n1ng
" offices - i.e. very few if any coal bearing areas
exist where "extens1ve deep mining has not been
done. Occurrences of subsidence have been reported
- = in that field but are minimal compared with the
.. Northern Field. This has been attributed to mining
- --practices agreed upon by mine operators in parts
 of that region long ago whereby 50% of coal was
to be the maximum amount removed from any bed
in anyr colhery A system of drainage tunnels to

watersheds in the region keep1ng many of the mlnes

’ drY ‘has also been offered as a contr1but1ng factor

to the stability of the pillars and to the surface.
VComplete aerlal photography flown in July 1974

at a scale of l: 48 ,000 was avallable and used to

determine all strip mined areas in the Eastern

e RRI0DOTY




“ R\ G \ “ AL an element by element determination was made

(red)

£
¥
-

'R'

[ . N
Middle Field. On the basis of the above information g

a mined, stripped, and unknown basis. See Section
3.3.2.

The Southern Field and Western Middle Fields
were completed on an element-by-element basis
by one of two procedures. Extraction data was
collected from folios and other mine maps oﬁ file
at the USBM Schuylkill Haven Office and mining
information was gathered from geological survey .
maps and checked against mining shown on the
maps of the Second Pennsylvania Geological Survey. - -
Where coal extraction data was not collected there
is insufficient information to exercise the subsidence _
potential model. Almost all of the 'Nesquehoning
and Tamaqua quadrangles in the Southern Field
and the Ashland and Shenandoah in the Western
Middle Field were completed with extraction data. .
Figure 15 of the Southern Field and Figure 16 of '
the Western Middle Field show the extent of each

type of data collection procedure.

2.3.2 Data Processing. The final step in the data collecting processes-. .

took the form of a subsidence data summary sheet. A repre- .
sentative completed data sheet for the elemental area SCR7B9 '
is shown in Figure 17. A similar summary sheet was compiled _
for each element in the Northern Anthracite Field and for

those elements in the Southern and Western Middle fields

—

where coal extraction data was collected. A key to the sub-
sidence data summary sheet is found in Table 9. After the
subsidence data summary sheets were completed the contained
data were keypunched onto computer cards and.fed into the -

computer for processing.
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(red)

TREVORTION QUABRANGLE

SHAMOKIN QUADRANGLE [MT. CARMEL QUAORANGLE

ASHLANG QUAORANGLE

SHENANDGAH QUARANGLE

DELAND
QUADRANGLE

KLINGERSTONN VALLEY VIEW
QUARRANGLE QUADRANGLE TREMENT QUADRANGLE INERSYILLE
QUAGRANGLE POTTSVILLE
QUADRANGLE
COLLIERY KEY
RINE 1 MINE .
MIKE JINDEX LOCATION OF MINE MINE INOEX LOCATION OF MINE
HUNBER NUMBER
HORTH FRANKLIN. .. »..... w01 SHAMOKIN........ ceenen #038
BEAR VALLEY............. %02 } ...l 00. .. .cnnn.s w037
ASHLO COAL CO.covevvee.  XOO2-A | ..... veerellereannennan %038
GLEN BURHS. . ooiiieiien B003 | eeineneniD0einineenn.. Y38
CAMERON. . ...... erirevess  WO04 IO IR
NEILSON.vncnonenconnee W05 § coievienni00..u.e.,... | HAMNOND..... ARRRRREEEE - o4
STIRCING. ...... IR a....... ¥o41-4
w08 PACKER NG. S.... w042
HENRY CLAY......o00pnns
SIRARD....... I .. w043
BURNSIOE. v .vevrevaun..s  WOO7 e SR
DGE. . wo44
LUKE FIBLER....cuvannnns %08 ESTO
ROVAL §AK....cevenvneane W08 | .oon...... 90.....- veenn L R R w845
BUCK RIDSE NG. 2.... %10 eeeeeeeeeD0ieiiiiane | ORAPERS. ... w048
BUCK RIOVE HA. To.eeinin] oo - KIMBERLY-ORAPER. . . 9046-A
GREERBACK. . .vvuvuvunnns AR * | EAST BEAR RIDGE... w047
BIG NOUNTAIN....occnve..  ¥012 tevveseeesD0uaieeeeaaa. | LAWRENCE........ w043
HICKORY SWAMP........... %013 SHAMOK(N-MOUNT CARMEL.. | KEHLEYS AUN..... w049
COLBERT. .vuervnnnecannn . WG KOKINGR. <. ... w050
MAYSVILLE 1 ANO 2.......  W01§ WEST SHENANOOAM........... wos1
CORBIN. ccvvvvinnncnncans . —wig GILOERTON.- o« -- w52
EXCELSIONS. . oiivriannee, WOT iNo1AN R‘“‘E---é w053
ENTERPRISE....vvaunrn. .  WOIS SHENANOOAH CiTYS. . ... ..., wos4
NATALIE. ..ooenenes veees  MOIQ MAPLE HILL..oevveennnnnn.. "S5
HICKORY RIOGE........... 020 SAINT NICHOLAS . 0S8
SCATT RIOGE...ovureenens w02t BOSTON RUN. -.. . wos7
4 XNICKERBOCKER. ... .unu.. .t wose
cartt..... U ceeeees  WOZZ
RICHARDS WATER LEVEL.... %023 IR pAUMOY. e yose
GREENOUGH. .. vvavemnnnnsn W24 | eeiiievi00.......... | MAHANOY CIIY........... e 80
TUNNEL RIDGE. . wg1
RLCHARDS SHAFT......enve  WO25 PARK T AND 3 voo2
PERNSYLVANIA.. ... taeeeee 028 B0..enneennn T e ORI oo
SAYRE. vvrncannnssannans W27 HQUKT CARMEL-ASHUAKG... | ZRIRA3ST - o----ooo o DR
WORRIS RIBGE...c.eueeueae  WO2T-A | ceenenn... 00..uunn. v+ | VULCAN-B0GK MouRTAIN. 11D oos
SIQUX 1 AND 3oaavenennn . w027-8 | NQUNT CARMEL........... | CEANCAIGR SOUNTAIN. ... Yo
.......... 66
RELIANCE . eurervnaavaeeae W28 | .iioiae... D0.ennionnns LI PENN oo
ALASKAw. crvecnnsenrenae. W29 eineneeaB0ieaanas veee e . -
PACKER 2 AN 4 ... wWogs
LOCUST GAP...enevonneees W30 | (oiio..... 00..coeneunan raccen w3 oo
MIDVALLEY 1 & 2 BASINS..  #a31 MOUNT CARMEL-ASHUANO. . c 3eeieeiieaaaan
MIDVALLEY KG. 2...... vee  WOZ ASHUAND e eenecannnnnae :
CENTRALIA. .. cvvvnnennnn, wa3ld feewrenen -00..... cevnes MAMES IN THIS COLUMH REFER TO u.S. GEOLOGICAL SURVEY GUAD.
LOGAN. .. .2 0- exs ¥033-A ] MOUNT CARMEL-ASHLAND... |,
GERMANTONN, v nvvnnunns o oweae ... IO TS ACTIVE., NOT M{CROF!{LMED.
POTTS. onnnvvcnnonennnee  WO3§5 | cuveueennn DBe.vvnnen. .

SEE FOOTNGTES AT ENO OF TABLE.

alNGLUOED IN CORBIN (W016).
‘lNCLUDED IN SCOTT RIDGE (w021).
SINGLUDEU ‘N GILBERTON (W0S52).
8Im;l.Ul)El! IN INOIAR RIDGE (W0S3).

[T coweuten maps GENERATED

FIG. 18

EXTENT AND TYPE OF DATA COLLECTED - WESTERN MIDOLE ANTHRACITE F1ELD

T4-144

-60-

ARIGO077

F e

-




e

D83 N-L

~

s . & 14 sy 1] cr L[4 [ 14 113 e $

©
-
-~

~MMO OO0 OO0 0000 00 0T
LM OO o0o0QgOon ol

ey
—

o

-
e

Lo O

16 (14 (44

J

o~
-
-
~

-
o~
n
~
-~
-

CLLI1]

=

O=0=0

o
-~

—
[ —
L
-
—
-
|
L

L. om

ORIGINAL
=

7.8.8

-
~

¥

- -
B:0:0: O
=00

w
%
)
3

Eanlnn

frtmy
s
S

,” | [} e 1$ (1} iy 11 ” o 8¢ st te (13 14
e 0 O OJ . @ Ol 1] ™ @B & IEL ]
' 3 s [ 3 " 113 ”© [ 114 144

|
=

Lo

2:=:E

288

In]

=]
U @ [©]
T\a_
ol [~ O]
s !!: —i

unfunfunlin: T @ & B

-
-
«
-
-
-

1:[J:[0

[T] [T

u
.

-
-

-
~

:
L
L
(G812 ]

-
BB

@-

| o

|
[

-~
-
w
-
-
-

0= == 0= 0= 0= 0= 0= 0= 0=

=
2+ &- 2+ 3

0= e

BAA

b s o o " oy w
| S SN >
, CPAVE &
, , » S o
e 0/ o.vo ~ 40
e ) ¥ Y

6L 9t :. 8L Gl vl £l TL tL OL 69 89 (9 9 <O ¥9 €9 29 1903 65 95 (C 95 S6 G €5 5 6 s % 0

RBEPL]

E=-E:[g=8=8=g=lg=01]

g-8-8-8-8-8-0-0-5-0

LI 1 A 4 114

(LR PP PP PR TR TP Td del
o ¥

34078

13431 tood

v (TITITIIT1]

Y Invs

CII0L QRN — R

~SINIWMBY

fd winkd)

[(TIT [ EELEEE]

LIZE k1]

13431 Qoo

s[8]8l ]

-3

AR100078

Y




- ORIGINAL

(ed)

TABLE 3 SUBSIDENCE DATA SUMMARY SHEET KEY

T4-144 ')
CARD  COLUMM DESCRIPTION - COMMENTS :

1 4. LOCATION - QUAD/SECT!ON/ELEMENT
13. SAME AS - LITTLE USE ON SUMMARY SHEET
25.  SURFACE ELEVATION - ALL ELEVATIONS IN FEET ABOVE SEA LEVEL.

29.  SOIL THICKNESS - UNCONSOLIDATED MATERIAL M FEET WHERE TOP LAYER HAS BEEN STRIPPEQ, TOP
ROCK 1S ADDED TO SOIL THICKNESS ’

32. T FLOOD LEVEL - HURRICANE AGNES ELEVATION/FEET ABOVE SEALEVEL.
38. POOL LEVEL - ELEVATION/FEET ABOVE SEA LEVEL
40. SLOPE ~ AVERAGE FOR ELEMENT. PERCENT SLOPE
41.  POPULATION - 1970 CENSUS. NUMBER OF PERSONS/ELEMENT
42. RE VALUE - $/ACRE (REAL ESTATE VALUE) NOT USED.
§1.  SUBSIDENCE - (Y)ES/(N)O/? WHERE NO DATA {S AVAILABLE: [F YES.‘PRECEEBS 80X
§2. §3. YEAR - WHEN FIRST NOTICED AS WELL AS ODATE OF SUBSEQUENT OBSERVATIONS
4. 55. YEAR (OTHER)
§8. NO MiNING O
57. FLUSHED F (COMPLETELY) 58 PARTIALLY FLUSHED G
2 16.  SEAM COBE - FROM TABLES IN SECTION 1.4.2 AND 2.4
19.  THICKNESS - AVERAGE THICKNESS OF SEAM FOR ELEMENT (FEET)
21. ELEVATION - BOTTOR OF SEAM/FEET ABOVE OR BELOW SEA LEVEL
25. % EXTRACTION - FROM FOLICS. MINE MAPS, REPORTS. PERSONNEL COMMUNICATION, ETC.

28. LAST MINED ~ FOLIQ DATA; UPDATED WHERE COLLATERAL INFORMATION INQICATING MINING. ROBBING
SUBSEQUENT TO MAP/FOLIO DATE IS AVAILABLE. USE LAST TWO DIGITS OF YEAR.

28. DIP - ANGLE AND DIRECTION FROM FOL!C OR GEQLOGIC MAP.

32. ROCK COVER - (FEET) TOTAL THICKNESS FROM TOP OF SEAM TO BOTTOM OF SEAM ABOVE. FOR
UPPERMOST SEAM IT (S THICKNESS FROM TOP OF SEAM TO BOTTOM OF SOiL.

35.  ROCK INTEGR:TY - SEE TEXT .
36.  WINIMUM PILLAR DIMENSION - SEE TEXT

37.  MINIMUM AREA - SEE TEXT

38.  COLLAPSE - Y(ES)/N(0)/7 WHERE NO DATA IS AVAILABLE
3.  WIOTH (W) - FEET ,

43.  BACKFILL - (Y)ES/(N)O . -
44.  LITHOLOGY - SEE TEXT

45. CONDITION OF ROCK COYER - SEE TEXT

-62-
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£ T Severél sources of 1nforrnatzon were combined in order
}. (rEd) - to produce the summary sheets. A list of these sources includes
e . - - — —field mining work sheets, U.S.G.S. Geologic Maps, U.S.G.S.
_ Coal Investigation Studies, U. S.B. M. Barrier Pillar Stud:es, 3,4
_ o Susquehanna River Flood Studies, 8 ,15 1 Colliery: Recordg, .
S LA w. ~E\/Ia.rty.n s Mme Pool Level Studxes, > EARTHSAT Stud.ie;si
and D.E.R. Flushmg Pro_]ect Studxes. .
| 7 The methods and assumptions used in compiling the
. . subsidence data summary sheets are as follows:

[ - - -LOCATION:  The location of each element in the four

N , _ mining fields was defined by the grid

E; 7 - wa - o= - system designed for this project and

) o _previously described in Section 2.2.2.

i  SURFACE | :

L. S o = ELEVATION: Surface elevation information was taken

. : -~ =2 “from the field mining sheet and was

{, i i oo —entered on the summary sheet as an
- ' elevation, measured in feet, above
L. . sea level. | . , .

: o o 7S~OIL THICKNESS ~Soil thickness 1nformat10n was taken from
r v ' LT ;the fxeld m1n1ng sheet and was entered

| S Hon the summary sheet as an average

‘ " thickness measured in feet. The Hollowell
o T S T 7 report (1971) was used as a check on
o T TTonmemmTUTETTTTC the soil thicknesses in the buried glacial
e - e e e o=~ -~ valley in the Wyoming Valley. Soil

‘r,' - - thicknesses in areas other than the

L - - _ - _ buried glacial valley and where no bed-

. . o . rock surface information was available

b from mine maps were assumed to be
- 3 0r4 feét. This assumption was based
r . : upon soil thickness information from

= - T 77 county soil maps and was used only in

o ' - - T ~ the non-glaciated Southern Anthracite
' Region.

-63-




FLOOD LEVEL:

ORIGINAL

(red)

POOL LEVEL:

SLOPE:

POPULATION:

-64-

Flood level information was included

only in the program for the Northern
Anthracite Field where river drainage
and hydrogeologic conditions contribute
significantly to land subsidence problems.
A major source of information was
U.S.G.S. Atlas HA 523.

Flood level information was not
available for the upper reaches of the
Lackawanna River. Flood levels for this
region were extrapolated by using the
adjacent river gradients and the estimated

river level rise during a 100 year flood.

Flood level data was entered on the
summary sheet as an élevation measured
in feet, above sea level.

Mine water pool level information was
entered on the summary sheet in the

form of an elevation above sea level,
measured in feet. The mine pool infor-
mation was standardized to the September
1973 reported readings of the Pennsylvania
Department of Environmental Resources
for the Northern Field.

Four categories of surface slopé were
established on the basis of percent slope:
A-0to4d4%, B -5to16%, C - 17 to 40%,
and D - >40%. The slope of the land sur-
face for each element was calculated from
U.S.G.S. topographic maps. Slope was
entered on the summary sheet as either

A, B, C, orD.

Five classes of population density were
established: A(>10, 000/element),

AR10008!
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' (red) S B (1,000-10, 000/element), C(100-1, 000/
o - -element), D(10 100 element), and
E(< 10/e1ement) Populatwn density
est1mates vary accord:mg ‘to the land

utilization of each element. The §l970

~ Population Census Estimate Was ‘used
in calculat1ng the densxty patterns of

each element. 'I‘hese census estlmates

'errrj:probably represent a minimum level
of density due to the fact that the

population which will assume the risks

e e e -~and bear the d’amages is most likely

- ST e me s ieee oo oo — - o greater than what the census count
in_ B W e . .. . reveals. Calculations were made
L. on people per unit, units per acre,
" - ) _and finally people per element.

The basic data used to map pupulation

3

densit){ was obtained from the 1972

County and City Data Bank, Population
density was entered on the summary
sheet as either A, B, C, D, or E.

SUBSIDENCE: Two classes of reported subsidence

were established. Previous sub-

[~ ' ' I - 7  sidence in a given element reported

L - - " in a newspaper, a journal, or recorded
. T T o) o o inan insurance settlement was given
L S - o em e o e g "Y' classification. A U220

i e e e — - Classification was given to all elements
%_‘ - . . , ... ..z ._where no previous subsidence had

been reported by any media.
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SEAM CODE: Seam code classifications were based on .

stratigraphic sequence and lateral corre
lation. Particular emphasis was placed
on careful correlation of the coal seams
in the Northern Field. These correla-

“ R\ B \ & & \_ | tions are discussed further in Section 2.4.

The general stratigraphic sequence
of coal seams was obtained from geologic
maps, coal investigation studies, field
mining sheets, and colliery records. A
three digit code was established to identify
a specific generally accepted stratigraphic
coal seam nomenclature to which all other
synonomous coal seam names were corre-
lated. This general nomenclature is
shown in Tables 4, 5, 6, and 7 in Section
1.4.2. Although, the coal seam codes

appear generally similar between fields o

correlation was attempted. Each table is
to be used strictly for correlation within
the specified field. The three digit coal
seam code used to designate each mined
coal seam was established in the following
manner. The stratigraphically highest
occurring mined coal seam was given a
datum level code. For instance, the

#1 vein in the Northern Field was given

a 010 code. Every successive strati-
graphically lower coal seam was given an
even numbered code greater than 010. For
example, the #2 vein in the Northern Field

was designated 012, the #3 vein was desig- —

nated 014 and so on. In the case where a =

the stratigraphically higher split was

coal seam splits, which frequently happe‘._,
T

- 66~
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"'—*'designated B; i.e. T10 and B10. Due to
the d13cont1nu1ty of some minor coal
seams it was necessary to designate
certam seams w1th odd number codes,

057, 055, etc.

This code was adopted in order to

- . alleviate the confusmn ca.used by the

B ,,,let;t@egéf names given to a single

coal seam by the different collieries and
to aid in the stratigraphic and lateral
correlation of the coal seam. (See Section
2 4)

o 'I’HICKNIESSL ) Coal seam thickness information was taken
' from the f1eld m1n1ng work sheet and was
i recorded on the summary sheet nurnencally

in feet. In cases where there was no 1nfor-

““mation on the mining sheet the coal seam

-‘-."' ST T T T 7T thickness was interpolated from adjacent

-elements or from stratigraphic columns.

ELEVATION: Coal seam elevation data was taken from
the field mining sheet and recorded as a -

numerical value in feet of positive eleva-

tion above sea level or negative elevation
. below sea level. The elevations represent

-~ _ the elevation of the bottom of the coal seam.

L - The structure contour map of the
Lower Red Ash bed (Bergin and Robertson)7
was used in the Wyoming Valley of the
Northern Field as a check on the Lower

) Red Ash elevations taken from the fleldw

N mining sheets. Since this is the basal

- S o seam in the Northern Field it gave good

control on elevation.

. - - -hR1ooosgy




% EXTRACTION:

aRIGINAL
(red)

LAST MINED:

DIP:

ROCK COVER:

p
b
Information regarding percent extraction T

3.

of the coal in the mined coal seam was taken ‘

from the field mining sheet and was re-
corded on the summar'y; ‘she:::t according
to the following classification: A(>90%),
B(70-90%), C(50-69%), and D(<50%).

The last year in which mining occurred on

a given coal seam was entered in the summary
sheet as a two digit number using the last

two digits of the year that the coal was

last mined (example: 1948, entered 48).

In cases where the last year of mining was

not known no entry was made on the summary
sheet.

The dip of the coal seam was entered on
the summary sheet as an angular measure-
ment in degrees associated with a compass
. .direction (example: 60° south entered 60S).
This information was taken from the field ‘
mining sheet and where possible checked

against dip measurements on geologic maps.

Py

Rock cover between consecutively mined
coal seams was recorded numerically in
feet and was calculated by adding the coal
seam thickness to the coal seam 'elevation
and subtracting this sum from the elevation
of the next overlying coal seam. The rock
cover overlying the stratigraphically highest
coal seam in any element was calculated

by adding the coal seam thickness to the ~
coal seam elevation and subtracting this -
from the bedrock surface elevation given

on the field mining sheet.

-68- -
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- . - ROCK INTEGRITY

® (RIGINAL

PIL DIM.

Rock Integrity is a measure of the strength «
a rock of a given lithology and its ability to

withstand the strain caused by the differenti:

- stress of minidg -,not used in the algorithm

calcula.tmns because th1s factor has not

- T MIN.

COLLAPSE

been adequately res earched and quant1f1ed

Average muumurn plllar du’nensmn
1nformat1on was taken from the field

mining sheet and recorded on the summary

“sheet accordm.g to the following classifi-
- cation: A(>30 feet), B(20-30 feet),

T C(10-19 feet), and D(<10 feet). If the

‘comments on the field mining sheet stated
- that the seam was totally robbed a ”D"

clas s1f1cat10n was as swned.

Average minimum pillar area information
- was ta.ken from ‘the field mining sheet and
recorded on the surnmary sheet according

to the following classification: A(>2000

. square feet) B(1500-2000 square feet),
- C(IOOO 1999 square feet), D(500-999 square

feet), and E(<500 square feet). If the

comments on the field mining sheet stated

' that the seam was totally robbed an "E"

‘classification was entered.

A three category classification system was

' _éstablished for entenng mine collapse

“data on the summary sheet. This classifi-

- cation was based on the following criteria;

. .width between pillars, occurrence of

- ,'i,‘,”b,aCkﬁu’ rock condition, and any comments

on the mining sheet regarding squeeze,

' slumping, collapse, or caving. A A

~AR100086




ORIGINAL

(red)

WIDTH:

_BACKFILL:

LITHOLOGY:

_70_ T L L 2l [

AR100087

classification was designated if squeeze,
slumping, collapse, or caving was .
reported. A "N'" classification was -
designated if the width between pillars
measurement was less than 50 feet and -
there was no evidence of faulting in the
element or if the seam was completely
backfilled. A '"? " classification was
assigned to any element where no informa-

tion existed.

The width or representative span of un-
supported distance was entered on the
summary sheet as a numerical value
measured in feet. This information was

taken from the field mining sheet.

A two category classification system was
designed to enter the occurrence of back-
filling on the summary sheet. If a given .

coal seam was backfilled a ""Y'" classifi-

cation was entered. If a given coal seam :
was not backfilled a '""N'" classification o
was entered. Information regarding the
backfilling of the coal seams was taken

from the field mining sheets and "from

flushing projects records in tle DER

Office in Wilkes Barre. For DER flushing
projects a special "F' entry was used in

column 57 of card 1 when an element was
completely flushed and a ""G'" used for a

partially flushed element. ' -

Lithology of the rock overlying each mined
coal seam was entered on the summary
sheet according to the following system:
A - sandstone, B - shale/slate, C - .-

conglomerate, D - siltstone, E - r‘na.,l,_
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1

S CONDITION

E never us ed.

——— gross geologic structure of all the anthra-

and F - limestone. - Information pertaining

to the various rock htholog1es was taken
. from U.S.G.S. geologic maps, U.S. G S.
coal investigation. s{tudles, ‘and hand-made _

stratlgraphxc columns taken from mine

records. Classes "E” and "F” were

The physmal conditmn of the rock uruts
contaigi;é the coal was entered on the
surnrnary sheet according to the following
c1a851f1cat10ns A - faulted, B - folded,

- C - Jo1nted or fractured D - continuous
or massive, and E - other. Information

_.pertaining to rock condition was taken
from geologic maps, available EARTHSAT
data (contract EER-123) compiied for the
Northern Field, coal investigation studies,
and the field mining sheets. Due to gaps

in the rock condltlon data base 1t was

necessary to make certaln fundamental
assumptions concerning the condition of"

the rock units in the coal fields. The-

- cite fields is a sequence of repetitive

" anticlinal and synclinal folds. Thus, all
the rocks are folded and would, therefore,
have at least a ""B" classification, To

| a{roid assigning the classification to the

maJorlty of the rock units it was assumed

that the limbs of unfaulted folds were

‘massive and a ""D" classification was
“Tassigned. In areas where no rock conditior
““data existed a ""B' classification was

entered on the summary sheet. The classi-

Jflcatlon ”E" ‘was never used.
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R\ G \ “ A\— Subsidence data summary sheets were compiled for “

-

every element in the Northern Anthracite Field and for those .

(ed) elements in the Southern and Western Middle Anthracite

2.4

Fields where mine map information was available. For
‘those areas where no detailed mine map data were available
reconnaissance data on a "mined" versus "unmined" basis
were used to characterize the elemental area. This data was
not entered on a summary sheet, but was used in the compila~

tion of the subsidence potential quadrangle maps. -

Completed subsidence data summary sheets were key-
punched and taken to the computer facilities for processing.
A single computer card was key-punched for each mined coal
seam. And, an additional heading card was key-punched to
convey the location and general conditions of cach element.
The information on the cards was fed into the PDP 11/45

computer where it was stored on disks and tapes.

STRATIGRAPHIC CORRELATION "~

A major effort was made to correlate coal seams in the Northern
Anthracite Field on a colliery by colliery basis. The work of Bergin .
and Robertson7 in the Wyoming Valley was extended northeastward
to include the Lackawanna Valley. The major sources of information

were the mine maps and the Barrier Pillar studies of Ash3’ 4 et al.

Correlations were carried from colliery to colliery using the
standard seam code adopted in this report. In this manner a seam
correlative was always identified by the same seam code number
regardless of what name it was known under in any particular colliery.
This was done to make the data base a more valuable product. Through
re-programming a number of different data analyses and map products
could be prepared; for example, a percentage extraction map for the
Lower Red Ash {060) seam, or a seam thickness map, or perhaps a sear

elevation map (structure contour map).

The seam correlations are displayed in Tables 10 and 11. The \
collieries are ordered in general sequence proceeding from the south‘

west (Shickshinny) to the northeast (Forest City).

-72- ARTGOC8S
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2.5 CLASSIFICATION PROGRAM DEVELOPMENT

2.5.1

ORIGINAL

(red)

Considerations. The general items for consideration in

the development of a subsidence potential clas sification
program include a)the accuracy and format required in the
output product b)the functions and performance characteristics
of the classifier algorithm and c)the character and volume

of the required input data. As described in previous sections,

_ the output format desired was a map output at 1:24, 000 scale

which provided the potential classification of each 40 acre
land element in the Anthracite region defined by the USGS-
7 1/2' quadrangle map-based grid system (See Section

2.2.2.). In particular, each land element was to be classified .

as being in one of three categories:

Class 1 - ‘"Precautionary Area' future subsidence
probable if subsidence has not already
progressed to completion. Site engineering
recommended.

Class 2 - Subsidence possible. Sypax > 0 <
0.5 feet. Site engineering recommended.

Class 3 - No subsidence. Spyfax = 0. 0 feet.,

In addition, some indication was to be presented on the
output product of the magnitude of the maximum vertical
displacement possible should subsidence occur along with a
reason-indicator (as to why each element was adjudged as
belonging to a specific class). These output format speci-
fications were developed jointly with the planning contractors
associated with the overall subsidence program who would be
utilizing the map output. By developing them in this way a
useful product directly acceptable was produced for direct
incorporation into the users general practices.

Since the resultant maps were to be utilized in gross
assessments of risk, the impact associated with miscalassi-
fications would be minimized if a worst case analysis were

applied. This consideration was therefore factored into the

_80- AR100097
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— design of the class1f1cat1on algonthm a.nd as 1nd1ca.ted in

Samze, -,

Section 2.3.1.3 was carried through into the 1nformat1on

- synthesis and data base development activities.

" In view of these output specifications, three potential

o "'models or classification a.lgonthms were considered for use

-in thlS study, i.e. finite d1fferences, semi-empirical and

: eng1neer1ng Judgment. Each of these methods are discussed

briefly below, along with a summary of their comparative

ratings with regard to the performance character1st1cs of

- accuracy, cost and acceptance by Mining Engineers.

-~ .The finite d1fference techmque depends on detailed

zdescnptmns of the physmal site to be modelled. In the case
ofa mine for example, this description would include the
,dimensions of the rooms, tunnels, and pillars and the

” specific compos1t1on of the overburden over the entire 40 acre
welemental area. This 1nformat1on would be used as initial
' conditions for thewﬁmte difference scheme which would be
stepped in time by short increments applylng the modelled

physical laws of rock mechanics to trace the changes occurring

_--_in the basic mine configuration Such a technique if supported

by detailed knowledge of the erosion effects caused by mine
pool interaction with the support pillars, would theoretically

~_provide the most complete results in terms of the spatial

- extent of the subsidence effect and the magnitude of vertical

d1sp1acement as a functmn of tune

, Isenberg1 descnbed a finite d1fference computer model
: for analyz:.ng cav1t1es in rock The model outputs were

- compared with measurements made during excavation of a
wcav1ty in Colorado The spac1ng of p01nts used to 1nput the
‘model were relatively fine (15 feet apart) and the computer

run experienced were very large in order to keep the time
~~steps small enough to maintain mathematical stability.

— Even with this effort, the results were not particularly good.

- o hRRIOODO98




Achievement of these limited results was extremely

0 R l G l N Acttly and certainly prohibitive in a practical sense if con-
s

(red)

ered over an area of the size of the Anthracite Region.
The inavailability of the input data at the level of detail
required and the magnitude of the data management

problems involved made this approach untenable.

Consideration was therefore giveh to a Semi-empirical
model based on studies documented by the British National
Coal Board. This data was obtained during extensive ex-
perience with planned controlled subsidence; a technique
utilized above active long wall mines. The measurements and
semi-empirical analytical models developed in this activity
have been compiled along with other data in the ''Subsidence
Engineers’ Handbcvok"1 A brief summary of the empirical
formulae in this technique has been given in Section 2.1 of
this report. These analytical techniques although intended

‘for use in predicting planned subsidence over long wall mines,
has proven useful in predicting the spatial component of
subsidence in the Anthracite Region. Engineers with the
Pennsylvania Department of Environmental Resources have
used similar techniquesz to predict maximum subsidence in
sites being considered as potential school sites. The use of
this semi-empirical model although certainly more tractable
than the rigorous finite-difference approach again required
extensive detail about the rooms and pillar configuration of
each mine as well as specific empirical data on the interaction
between underground mine pool water and coal pillars in the
Anthracite Region. The potential cost of applying this
technique to an area the size of the Anthracite Region was also
of considerable magnitude. As a result of these considerations,
attention was concentrated on identifying the specific parameters
that would enable one to characterize a mined area as vul-
nerable or not vulnerable to subsidence effects. A list of"

parameters and criteria (See Section 2.2.1) therefore was

ARI00GCSS
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developed which aummarized those conditions most associated

- . .with subs1dence _prone areas. .__This set of critical parameters

" and criteria was comp1led by the 1nvest1gat1on of the empirical

~ - c - - T il T STl

data a.va1la.b1e and draws on the eng1neer1ng expenence of

i

' pararneters and an evaluatxon"of the spec1f1c cond:.tzons relatlve

]

to these Eacim:o‘rs 1n each lazid area con51dered could then va.hdly

r.__

be used as a means for classzfyuxg the area as to subsidence

-+ - potential. Invest1gat1on of the costs of 1mplementat1on and

(o

) application of such a systematlc eng1neer1ng assessment
r ~ algorithm were favorable. In addition, the data base required
L to suppoﬁ: such an algorithm appeared manageable in terms of
~ - _ . ..—.collection and maintenance. 7 k
b A summary of the relative assessments of each approach
~ - - ---—-with regard to accuracy, cost and acceptance is presented
' in Table 12. On this basis, the Systematic Engineering
. Assessment approach was chosen for imptementation and
L. ~ a computer program called SEAMS (Singer Engineering Assess-
~ment of Mine Subs1den5e) was developed
TABLE 12 SUBSIDENCE MODEL CONSIDERATIONS AND TECHWIQUES
T4-144
- MODELING TECHN!QUES
CONSIDERATION COMPONENT
e ENG INEER NG
: FINITE DIFFERENCE SEMI-EMPIRICAL ASSESSMENT
. S——— S—— - _ﬁ
SPATIAL ‘8000 8000 800
[ ' ACCURACY MAGN! TUDE 800D FAIR FAIR
!
- TINE FAIR POOR PooR
! , MATHEMATICS FAIR FAIR €000
— , PROGRAMMING POOR FAIR 6000
6000 @000
5 coST KEYPUNCHING 6000
COMPUTER INPUT 000
— DATA AVAILABILITY POOR PooR
MAP PRODUCTION POOR 6000 000
COMPUTER TIME POOR FAIR 8000
MINING ENGINEERS POOR FAIR FAIR
ACCEPTANCE :
PLANNERS 600D 00D 6000

e ARR100100
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(red)

2.5.2 Model Development (SEAMS). Once the parameters

associated with subsidence prone areas were identified, .
an assessment of their relative criticality was made.

Engineering expérience was utilized to arrive at a ' -
technique for systematic assessment of conditions in -—

each mapped elemental area. Based on the values o
of the critical parameters characterizing each land
area, the element was placed into one of three classes
reflecting the likelihood of seam collapse. This
preliminary classification was then combined with the
total maximum subsidence (TSm) calculated by the
empirica.l. relation given in Figure 18, to obtain a
final subsidence potential classification of 1, 2,

or 3.

This formula estimates the deepest point in a
. subsidence trough after the collapsed cavity has been .
filled. The .9 factor at the beginning of the formula
accounts for the incomplete packing of the cavity. .
In other words the material falling into the cavity ‘
will occupy only 90 percent of the cavity for it will

be in an unconsolidated form.

The seam thickness, t, gives the vertical dimension
of the cavity to be filled. The next two terms, .01lD and _
f(W/D), are empirically derived factorsl that account

L1

for the bridging and packing of materials above the
rupture. These two factors account for the negative

correlation between deep and narrow cavities and the

(.

effect at the surface.

Note that the maximum subsidence (Sm) in Figure
18 gives a value for a single seam. For multiple
mined seams under an area the summation of the

maximum subsidence gives, by the law of superposition,

-84~
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sm -

r y )
L

[? o , - ROCK COVER R i 0
m

|

L.
g

Sm = .9 (t: 01D)F(W/D)PF |, sm2 .01

i( Sm = .0t , 0. <sm<.gi

" Sm = 0. , Sm £ 0.

, WHERE IN: -
q t = SEAM THICKNESS

DEPTH EXCLUDING SOIL

WIDTH (SPAN)

PERCENT EXTRACTION

1.0 FOR UNTREATED SEAMS

0.6 FOR FLUSHED, STOWED, OR BACKFILLED SEAWS

n

i
' W
: P
F

]

f(W/D) (((2.15809 *W,D-6.25138)*W/D

! oo +5.51136)*W/0 - .469081)*¥/0 , W0<1.2
. = > .
L f(W/D) =1 . W/D21.2
= ' L
b LRSI IDIE : ~ i = 1 TO NUMBER OF COAL SEAMS
Fu. !
MAXIMUM SUBSIDENCE (Sm)
, TOTAL MAXIMUM SUBSIDENCE (TS) :
—_ .
i
]
. FIGURE 18  MAXIMUM SUBSIDENCE MODEL
[ ‘ :
i T4-144
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" this systematic classification operates in the following

QRIGINAL

* - {reuy
N , i
a maximum subsidence (TSm, total maximum subsidence)

if every seam collapses. This total is outputted from

the model both on the summary data listings (see Figure 20)

and the subsidence potential maps which reflect the magnitude
of subsidence that could occur. -

This total, however, does not indicate the likelihood
of a mined seam collapsing. Useful analytical or even
empirical work in predicting the collapse of pillars or
caving in the roof of a long abandoned mine appears to be |
non-existent. 20 In place of such work engineers' judge-
ments are used. These judgements need to be used in
estimating the rate of deterioration of the pillars and
the effects of occasional heavy loading from floods.

Specifically, the algorithm developed for performing

manner., Each element is tested as to the level of

extraction in each coal seam below the element and the

degree of stripping within the element. (See Table 13, .
Model Step 1). If these conditions indicate no extraction

or that the mined seams have been totally stripped,

the element is given the lowest likelihood of seam

collapse (Class 3). If the conditions indicate subsurface

cavities, the algorithm interrogates the data base at

step 2.

In step 2 if three conditions are met simultaneously, -
the collapse class will be 1. The first of these conditions
is that the rock cover over the top seam is less than
100 feet. The second condition further requires that
this rock cover is faulted or jointed. The cover would
thus be weak and relatively thin. Added to this is the
third condition that the mine pool is higher than the top
seam. Although some contend the water gives support

to the mine roof, the engineers on this study theorize

PR A .
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TABLE 13 SUBSIDENCE POTENTIAL DETERWINATION
74-144
COLLAPSE | MODEL { COLLAPSE TOTAL YULNERABILITY
CLASS STEP ggsgo: COLLAPSE REASON MAX [MUM SUBSIDENCE CLASS
— |
1 2 1 TOP ROCK COVER LESS THAN 100" AND TS®>0.5 - 1
FAULTED @R JOINTED ROCK CONDITION AND <
MINE POOL GREATER THAN TOP OF SEAM 0.15TSR<0.5 2
ISm = 0.0 3 (X)
3 2 TOP ROCK COVER LESS THAN 50°
4 3 WIBTH/DEPTH GREATER THAN .25
2 5 4 MINE PILLAR DIMENSION LESS THAN 30° TSm >0.0 2
.10 Sw/p £ .25 TSm = 0.0 3 (Y
3 1 8 NG EXTRACTION OR STRIPPED . 3
“ | LESS THAN 50% EXTRACTION ON EVERY SEANM
8 8 WIDTH/BEPTH LESS THAN .10

_ the water _will lubricate a weak overburden and interact

‘with the mine pillars thereby adding loading to the

_roof on any lowerlng of the mine pool. These conditions

then, if all present lead to a collapse assessment of

class 1.

ek - B b s T 0 O Rl % TERELI e e v e

If the conchtmns in step 2 are not met, the algorithm

L i e L

Hereln if the rock cover over the top

"rnoves to step 3.

' seam is less than flfty fee'c the collapse class becomes 1,

for pot hole subs1dence is hkely.

sterp 4 is ta.ken next The w1dth of the seam to the

depth | of seam ratio (W/D) is compared to an emp1r1ca.1
If this

then the possible subsidence

" threshold of .25 for each seam from top down.
~ratio is less than .25,

~= =— -=-damage is assessed as negligible, 17 Inversely if the

- . RRICOI[Gh
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ratio is greater than .25 for any seam, the element is

put in a collapse class of 1, since subsidence damage
due to this seam is likely if it should collapse.

If the algorithm finds the element not to be in
collapse class 1l for any of the above reasons, it moves
on to step 5 to evaluate if it belongs to class 2. If the
minimum pillar dimension is less than 30 feet, collapse
is possible and the collapse likelihood class is stated to
be 2.

Based on past empirical data, if the pillar dimension
is larger than 30 feet but the W/D for any seam is greater
or equal to .10, collapse is also possible. If this con-
dition exists the algorithm again assigns a collapse class
of 2.

. If the algorithm finds the 'element meets none of the
conditions leading to a collapse likelihood class of 1 or
2, the class is automatically assigned as 3, since none
of the conditions experimentally observed in subsidence
prone areas are met. The algorithm, however, does
extract additional information from the data base by
checking every seam for less than 50 percent
extraction. If this is the case a reason of 7 is given
for the selection of class 3,

If this is not the case the algorithm at step 8 will
agssign reason 8 to the classification to reflect the fact -
that W/D was less than .10. If this were not true the
element would have been a class 1 in step 4 or a class 2 .
in step 6, and this is the controlling condition for
classifying the element as stable.

After assigning a collapse likelihood class in this
manner, the algorithm examines the total maximum

subsidence (TSm) to determine if the collapse of all

788 ARTO0IGS
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the cavities below the element will subside the surface.

If there is no pred1cted surface subsidence (TS = 0.0 feet),
} ; then the sub51denc_gpotent1a1 classzfxcatmn becomes 3.
- ‘If the collapse class is 1 and the total maximum subsxdence
e “ 77" relatively small (between .1 and .5 feet), then the
L |  potential classification'becones 2. . In other
- 7 7 cases the collapse likelihood class becomes the subsidence
L. 2 potential class, except in those elemental areas that
B, _ _have experienced complete flushing. In this event the
f : - - algorithm assigns a class 2 or 3 to the element depending
_ on the value of the total S masx calculation. Figure 19
% '~ represents a flow dlagram of the seams algonthm
- ” - ﬂwoperatmn, S ‘
| ) o ) ~_Anmn exa.mple of the algorithm operation is given for
the elernent descrlbed in the data hst:.ng shown in
' F 1gure 20
o Step
’ ; . . ... 1 -There has been extraction in all five seams -
— S —the model moves to the next test.
L .2 - The top rock cover of 141 feet is greater than
' 100 feet - the model moves on to the next
evaluation. " o
N b H 3 - :I‘Le top rock co;efhis greater than 50 feet - )
‘rh : o the model moves to the né;t con51derat1on. w
= T Y4 U The W/D for seam 024 is less than .25;
| " however, the next seam 026 has a W/D greater
= - i - =~ -than ,25, (For all tests the seams are taken
i . _from the top downward.) The model stops at
- - . - - _this po1nt and assigns a collapse likelihood
(o - . class of 1. 7
L. ~7 L Next the model checks the total S MAX and since it

~is greater than 0.5 feet, a subsidence potential class
of 1 is assigned to the element with reason code 4

indicated.

AT R A .
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Overall, the algorithm combines ggﬁggse likelihood

 with the empirical calculation of total possible subsidence

2.5.3,

should collapse occur to result in a systematic assesament
of vulﬁerabilib,r to subsidence. Cases will arise wherein
the probability of collapse of a seam is high and, because
the seam is narrow and deep, its collapse would result

in no subsidence at the surface. The model in these

cases will show low potential, i.e. class 3, . One

must note, however, that the calculation of total maximum

subsidence includes all seams, not just those prone to

collapse. Its use in the model in this manner makes the

model a worst case situation classification scheme. This

fact shoﬁld be kept in mind while using or interpreting

the impact of the classification maps produced by this

algorithm,

Programs (SEAMS). Computer programs written in
FORTRAN language were developed to enter keypunched

subsidence data onto a disk pack, process data on a PDP
11/45 computer, and produce a variety of outputs. The
programming system uses what may be termed a menu.
The menu (Table 14) has a wide variety of parameters
that may be easily modified for any particular program.
Typically, on many runs a menu will appear on the
computer cathode ray tube (CRT). The programmer
changes the menu and after a program or set of programs
is executed, the menu is redisplayed on the CRT. The
programs have been classified and summarized in

Table 15.

Execution times for various outputs are:

Status Map 35-55 sec./map
CRT Map , 20-30 sec./map
Listing .7 sec./Element
Director 45 min.

-

#R100109
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1 PROC NAME =

S ZERO =

6 GUAD (ALL=ALL) =

8§ SEC (-1=ALL) s

9 ELEM ROW(Z=ALL) =
19 ELEM COL ¢(~1=aALL) =
11 CUR QUAD =
13 CUR COL,ROW =
15 MAP ROUTINE =
16 MAP PARAMETER =
17 BMAP VALUE =
18 -1 ON END =
19 COMMENT IX,1Y =
21 QUTPUT UNIT =
22 LOMER LEFT =
COMMAND :

SUB2 .LDA
o

~N

HRB-SINGER DATA ANALYSIS

ORIGING

(red)

TABLE 14 COMPUTER PROSRAM MENU FOR SUMMARY DATA LISTING BY SECTION

AND ELEMENT. 1.E. MENU 1§ SET TO RUN WBW2, ALL ELEMENTS

74-144

- 2.5.4. Output.

subsidence programs.

i

A variety of outputs are possible from the

Some of the output displays

were designed for use by subsidence investigators

while other output displays were created for pro-

grammers involved in developing the software or

fo‘r-HR'—BuiSi'nger, Inc. analysts studying t

" “related data.

he subsidence

="2.5.4.1, Diagnostics. Several programs contain the

CTed j:iabiliﬁ;y to communicate abnormal problems

-~ programmer,

-93-

in the data or the computer system to the
Certain kinds of keypunching
_errors were identified as well as cases where
- data could not be located on the storage disk.
In addition, hardware problems, such as

failure to read the disk correctly were monitored.

AR1001 10
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TABLE 15 SUBSIOENCE CONRFER ProcRAMS

T4-144
TYPE NANE INPUT QUTPUT COMMENTS
W@ e ——— =
NANIPULATION | AB1SC | AMOUNT OF DATA IF ROOM ON 01SK . ‘
’ QESIRED TO BE EXISTS, THE Cee L
STORED. STORAGE LOCATION | VR
1S RETURNABLE. w .-
CHASE LINKS DATA OM DISK.
CODONE | ELEMENT 10 NOVE DATA ON CHECKS FOR SONME KINDS OF KEYPUNCH
HEADER CARD. ERRORS.
CODROW | ELEMENT 10 NOVE OATA ON SEAM | CHECKS FOR SOME KINDS OF KEYPUNCH
CARD, ERRORS.
STORE ODATA FOR AN ELE- ACTUALLY PUTS SUBSIDENCE DATA ON DISK.
MENT FROM SUBIN.
SUFI ELEMENT 1D BISK LOCATION FINDS LOCATION OF OATA 8Y ELEMENT ON
K.
TABA MOD IFIES DATA DIRECTORY
TASF SEARCHES DATA 01RECTORY
MAIN PROGRAMS | SusiN CALLS CARDIN WHICH READS DATA CARDS
AND STORE WHICH PUTS THEM ON-DISK.
SUBLP DIRECTORY LISTING
SUB! CONPUTER SWITCHES | MENUS MOST PROGRAMS RUN FROM MENU.
SUBZ 1. OUTPUT BEVICE | ALL DATA BY MAPS POPULATION, RELIEF ETC., ON CRT
. i.E. LINE ELEMENT OR OR LISTS ALL SUCH DATA FOR ELEMENTS
PRINTER, WITH ALL SEAM DATA. IF OUTPUT GEVICE
MAGNETIC TAPE. IS MAGNETIC TAPE, LISTING IS STORED
Z. LISTING OR MAP | ONE DATUM FOR FOR LATER USE.
OPTION. EVERY ELENENT
(MAP)
SUB3 QUADRANGLE NANE MAP ON STATOS
PRINTER-PLOTTER
WITH SMAX. CLASS,
PREVIOUS SUBSI-
DENCE. REASON.
DATA CALC OATA FROM 01SK O, .0, PP, PW/T.
PROCESSING FOR ONE ELEMENT. | PW-D
SHAX OATA FROM D1SK WAXINUM SUBS!-
FOR ONE SEAM. DENCE.
SUCA OATA FROM O1SK CONVERTS OATA
FOR ONE ELEMENT. | COOES TO REAL
NUMBERS .
SUFD SMAX BY SEAM COMPUIES TOTAL
MAX{MUM SUBS | QENCE
SULGX EXTRACTION. ROCK | VULNERABILITY
.COVER MINE POOL CLASS.
ETC.
ouTRUT ROWHED | ELENENT 18 HEADINGS FOR SEAM
PROGRAMS LISTING.
ROWOUT | ELEMENT IO WRITES ANO SPACES
SEAM DATA.
SUGR SECTION tD MAKES MAP ON CRT.
SUST SECTION t0 PRINTS MAP ON QUTPUT PROGRAM FOR SUBS.
STATOS PRINTER/
PLOTTER.
WRTONE | ELEMENT 1D WRITES SUMMARY
- BATA .OR SECTION
N LISTING.
_94_
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” 2 5.4.3. Directory. A listing of all the elements (from

north to south and west to east) w1th theu'

prec1se ‘location on the disk was made at

various times in the project. The purposé was
- to enable programmers to solve a number

of data handling problems.

2.5.4.3. Maps - Risk/Potential, Subsidence risk,

““¥eason for classification, maximum subsidence

and subsidence history are shown on maps pro-

-~ duced by the Statos Printer/Plotter. Examples

~and an explanation of these maps are found in

volumes 2 and 3.

. 2.5.4.4, _I}/ﬁ[é.p.s_-r Related Data. It is possible to produce

- maps of additional elemental data on the
.computer CRT. Information such as relief,
pgptﬂahon, and soil thickness is available for
analysts to call for a fast snapshot view. Maps
are not of _publication quality but are fast and

1nexpens1ve. Interactive capabilities of the

computer are taken advantage of in order to
permlt an operator to ra.pldly adJust map

parameters or change mapped locations.

2.5.4.5. Surn_mary Data LlsnnL Summary data. for each

element and every mined seam in that element
can be displayed. One display option is printed

" on paper from a line prlnter and an example

'is shown in F:Lgure 20. Itis poss1ble to put

—~-- the same data on a Vector General Refresh

. Scope. No hard copy is then available but
execution is 12 times faster. The summary
q_aj?g;ay a.rls:g' be put;pg:a::tépe in order to

utilize faster printers which are available.
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red
Abbreviations and data dimensiogalitz are

discussed in Section 2.3.2. Calculations made

from the data by the computer and printed on
the Summary Data Listings are as ‘follows: "

Depth (D) Distance in feet from the surface

wW/D Width to depth ratio

PP (L.1 X D/(100-% Extraction) X .01)
Pillar Pressure in pounds per
square inch (PSI)
At 2000 PSI pillars normally are
unable to support weight. (See

reference 17)

PW/T Minimum Pillar Dimension to
. Seam Thickness ratio '
PW/D Minimum Pillar Dimension to
depth ratio
S Maximum Subs idepce for the

particular seam

-96’-
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3.1 SUMMARY

This study was directed toward esi:a.blishing criteria and evalua-

-tion techmques for the predmtmn of sub81dence potent1a1 and

presentatmn of such potentla c1ass1f17 ons 1n a manner con—'

__venient for subsequent risk evaluations.

A major portion of the activity comprised the inspection of exist-

ing mining information, extraction of the Darameters pertinent to the

’rsubsmence cons1derat10n, and the synthes1s of th1s information into

an 1ntera.ct1ve computer data base.

To keep this effort w1th1n practlcal 11m1ts a resolution size of
_approximately 40 acres was established based on a2 U.S.G.S. survey
7 1/2 mmute quadrangle gnd system wherein each quadra.ngle was

‘divided into nine 2 1/2 m1nute sectmns and each sect:.on further d1-

“vided into 100 elements. Data was coilected for each forty acre

“element from mine map folios, mine maps not 1ncorporated in mine

map folios, U.S.G.S. geologic quadrangle map series, coal investi-
gation map series, special investigation map series, the Second
. Pennsylvania topograph1c and geologlc survey bulletins, aerial photog-

raphy, and the topograph;c quadrangles themselves.

Data was collected for 25 key critical parameters and entered into
the computerized data base. Engineering experience was utilized to
develop an algonthm which would prov1de for sys tematic assessment
of condz’clons in each mapped elemental area. Based on the values of
the critical parameters charactenmng each elemental land area, one
of three class numbers were rassz.gned by the computer reflecung the
11ke11hood of As-eam collapse: In addition, the magnitude of the maxi-
mam. vermcal chsplacement poss1ble should sobs:Ldence occur was

calculated along with a reason -indicator for the class a.ss:.gnment

‘decision. Overall, the algorithm combines collapse likelihood with

—~™ ~° ‘the emp1r1ca1 calculation of total p0551b1e subsidence should collapse

occir in all mined seams to result in a sys tematic assessment of




o DRIGINAL .

] T .~ n =y p (red) ~
potential to subsidence. The use of the total maximum . .
subsidence calculation makes the model a worst case gsituatiom r

clagsification scheme.

Portions of twenty of the thirty-six U.S.G.S. 7% minute
quadrangle defining this study are included in the subsidence
potential classification for each elemental area. The remaining
maps give some indication of past mining history by reporting
stripping, deep mining, robbing, no mining, and combinations of -
the above.

The algorithm was exercised on a total of 3106 elements in —
the Northern field, 880 elements in the Western Middle Field, —
and 295 elements in the Southern Field. In the Northern Field
the algorithm was exercised for all collieries except the Stack-
house Colliery lying west of the Susquehanna River on the .
Shickshinny quadrangle. With the one exception of the Stackhouse
Colliery (less than 1Z of the total number of elements) the
Northern Field was completely included in the PDP 11/45 computer

data base. .

Testing of the algorithm occurred in two areas of the Bituminous

coal field of Appalachia. Thirteen elemental areas over single seam
mines in western Centre County, Pennsylvania yielded a distribution R

of 6 elements in class 1, 6 elements in class 2, and one element in ‘ -

ARIOOI S
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class 3 (See table 18 section 3.3.3). Twenty elemental areas over

single and two seam mines inwestern Allegany County, Maryland

_yielded twenty class | elements with maximum subsidence varying
from 4.3 feet to 9.1 feet (See table 18 section 3. 3. 3).

Extensive correlation of coal seams in the Northern Anthracite
Field centr;bute to”the usefulness -f the data base. Additional map
~ - dzsplays and stansucal mformatmn may be derived from the data

base whxch is des:.gned for contznuous update and the addition of new

parameters.
DI . 3.2 LIMITATIONS
E - ‘I‘he SEAMS algonthm class:.ﬁes subsidence potential for

forty acre land areas onaworstcase bas1s and is therefore limited to

= ' "~ use in regional planning activities. One of the major limitations of

i _ the algorithm is the element by element calculation of subs:.dence

- potential without taking into account the effect of adjacent ele-

[; . ments. Each element is classified on the criteria contained w1th1u
. the element and is based on the worst mining conditions present in
, ég,,ligtle asrwten percent of the total element. The effect of adjacent

_stable conditions, adjacent barrier pillars, adjacent no mining, etc.

is not considered in the class calculation for a given element. .

_Although data on the condition of the land surface was collected,

~ the algorithm does not consider the effect of static or dynamic loading.

 The effect of extensive land development or the effects of flooding

are excluded from conszderatnon. S , A

L - - IR R sl - - Gl lede e A

The strength of the rock cover (rock mtegnty) was not included:

: in the calculation although its condition was. The prediction of the
ability of the roof rock to withstand collapse is not yet a quantified
[ " o scwnce Therejore the rock cover i is treated uniformly regardless
- L of hthology. Thls hrnltatmn can readily be corrected once such a
L - collapse resistance relatlonsha.p is esta.bhshed by the introduction of
‘a numerical factor into the ai§6r1mm. The necessary 11tholog1c in-

- formatlon for use in such a calculation is present in the data base.

-99- nmaox 16
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The algorithm does not consider the time factor in calculé.ting_

subsidence potential. .For example no regard is given to the

deterioration of pillars through time nor to the fact that many of the .

mines depicted in maps fifty or more years old may have already

collapsed.

The-accuracy of the old minir3 maps from which data have been

extracted is questionable in light of the many changes that may have -

.occurred since their drafting. Subsequent extraction through robbing

of pillars and recent strip mining is not reflected in the algorithm.
Nevertheless they represent the most complete data available on the -

extent of past 'mining and mining practices in the Anthracite Region.

The algorithm is designed primarily for predicting subsidence
in low dip strata as in the Northern Field. The elevation shift used
in the highly folded strata of the southern-anthracite fields was in-
stituted as a means to standardize the method of determ.ining the
depth to the coal seams. The dip angle of the strata is not used in -
the ‘algorithm, however, the angles themselves are in the data base.

The algorithm is therefore limited in its usefulness in these highly .

" folded rock areas. Continued model development is needed with re-

gard to these limitations.

The computer algorithm is limited to only those elements where -
mine map data was available for the complete stratigraphic sequence.
In those areas where only collateral information was av.ail.able the
quadrangle maps displayed in section 3.3.2 of this report were de-~ |
veloped based on past mining history including recent strip mining
activity through July 1974. The information relating to strip mining
was extracted from remote sensing data by HRB-Singer in connection

with other contract work. -
CONCLUSIONS

3.3.1 General, Portions of twenty of the thirty-sixU.S.G.S. 71/2 min-

ute topographic quadrangle sheets defining this study are included
-100-
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in the subsidence potential computerized data base and
have been classiﬁed by the SEAMS algorithm described in
this report. The algorithm classifies subsidence potential
7 on tfne basis of the support conditions in any seam in the stra-
t1graph1c sequence of a given forty acre elemental area. The
 total maximum ‘subsidence at the surface is calculated to in-
clude all mined seams in the same stratigraphic sequence

and forms the basis for assessing risk,

Along with the map products a 51gn1f1cant contnbutlon
“of th1s ‘study is the computerlzed' data base based on 25
‘critical parameters. This data base with continued updating

can be the basis for future regional decision making in the

- — —Anthracite Region. It can be used to produce a multitude

of map and statistical displays. Of particular importance
is the seam correlation caiaability developed in the data
base. With this capability'regiona'l products can be
prepared

__ The algorithm developed in this study is to be

regarded as an interim product requiring further develop- *
ment. It represents the first attempt at the development
of a. mean1ngfu1 predlctlve subsidence potent1al model.

It is far from complete as the hr;;;a:t;ons discussed in
Section 3.2 have shown. Nevertheless it presents
a standarized technique for predicting subsidence
potential based on the available mine extraction
information. It gives insight, on a 40 acre site specific ’
basis, to the subsurface characteristics of the anthracite
coal fields. It represents a new contribution to the knowledge
of subsidence prediction and should form the basis for further
de‘\}eillt')-pmght both in thé usé Vof sﬁch predictive models in op-

erational regional planning and in the specific correlation of

S ARIDONIE
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subsidence occurrence to the conditions present in the Anthra~

cite and Bituminous Mining Regions.

Subsidence Potential Classification Quadrangle. Maps.

Thirty-six U.S.G.S. 7 1/2 minute quadrangles representing
the map output of this study are depicted in reduced format

in figures 22 to 57. These are the thirty-six quadrangles

that define the Anthracite Region of Northeastern Pennsylvania,
They are listed in the order of presentation in Table 16 and

their distribution is shown in Figure 21.

The Quadrangles represent the base maps upon which have
been superimposed the grid system adopted in this study.

The Anthracite Region boundary, defined as the Mauch Chunk/
Pottsville contact, is drawn on the quadrangles and delineates
the study area. The outcrop of the lowest mineable coal is
shown by a dotted line and is derived from colliery maps.

It usually depicts the lowest mineable coal in the
Llewellyn formation. The colliery boundaries and names

9, 11, 12, 21 are imprinted on the quadrangles.

Superimposed upon the quadrangle grid system are the ele-
mental area code numbers and letters that provide the subsi-
dence potential classification and/or collateral informa- '
tion relating to mining (See Key, Table 17). In compiling"
these maps the computer generated class codes were incor-
porated. Collateral information was derived from the

following sources:

(1) Mine maps not incorporated in mine map folios and
where complete minemap information for all seams

was unavailable.

(2) Second Pennsylvania topographic and geologic survey
bulletins.

(3) U.S.G.S. geologic quadrangle map series. Coal in-
vestigation map series; and special investigation map

series. AQR\CS\\g
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~ graphic maps. The user is cautioned that although the ma-

(7) Geologic Map of Pennsylvania.

. (4) Personal communications.

ORIGINA:

(red)

(5) Topographic quadrangle maps.

(6) Aerial photographs - July 1974.

The maps provide varying levels of information. The Sub-
s1dence Potential Class Codes (1 2 or 3) represent the

most reliable data as they are derived from mine maps.
Stripped areas (T) are derived from three sources; mine maps,

- -topographic maps, and aerial photography and are relatively

e complete. They indicate surface stnppmg but do not prov1de

_information on depth of etrlpplng or whether previous deep

mining occurred. No mining (N) is indicative of undisturbed

. areas. It characterizes unmined areas and is less reliable

1nformat10n tha.n strlpped areas., The information is derived
fromr mine maps and geologic maps. Since no mine maps or
geologlc maps were available for the rEea”s/terrn Middle Field 7
the only no mining information available came from colliery
~-maps of the field. Deep Mining (M) information is derived
~from mine maps, geologic maps, and topographic maps. Al-
though the Eastern Middle Field has been extensively deep |
- mined this information is only displayed on those elements
~where a mine entry or roof collapse is indicated on the topo-
" jority of elements in the Eastern Middle Field carry only a
stripped (T) designation it is more than likely the element
has been deep mined. In extensive strip mining operations
~ in this field operators have seldom encountered unmined coal.
In those cases where knowledge of deep mining is known and
the surface has been stripped an MT designation is given. In

- those areas where a flushing project has been completed an F

.. designation is added to the element.
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INDEX MAP SHOWING OISTRIBUTION OF F'IGURES 22-57

. 7513 J |

Fig. 21
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TABLE 16 SUBSIDENCE POTENTIAL CLASSIFICATION QUADRANGLE MAPS

(red)

T4-144
FIGURE # QUADRANGLE SEOLDE oA re SerEAtReE
22 FQREST CITY
23 CARBONOALE
24 WAYMART
25 RANSONM
26 SCRANTON
27 OLYPHANT
28 KINGSTON
28 PITTSTON
30 AVOCA
3 SHICKSHINNY
32 NANTICOKE
33 WILKES BARRE WEST
34 WILKES BARRE EAST 1-753
35 FREELAND
38 WHITE HAVEN
37 NURENBERG .
38 CONYNGHAM
38 HAZLETON
40 WEATHERLY _
4 TREVERTON C-48.1-734
42 SHAMOKIN C-48.C-47.1-734
43 MOUNT CARMEL C-3.¢-7.6-10,6-12,60-919
44 ASHLAND C-13,C-14,80-918
45 SHENANDOAH C-19.C-21,6Q-781
48 OELAND £-29,80-1054,1-737
47 TANAQUA 1-808
48 NESQUEHONI NG
49 VALLEY VIEW 1-528. 6a-898
50 TREMONT C-43,00-682. 1-528
51 MINERSVILLE C-43,00-680, -528
52 POTTSVILLE i-681,90-1028
53 ORWiGSBURG 1-688, 80-1029
54 - LYKENS 8Q-701,1-529
3 55 TOWER CITY 6Q-698. 1-529 ) .
56 PINE GROVE G0-881, |-528
57 SWATARA HILL @a-88g, 1-528

_THIS TABLE LISTS

THE QUADRANGLE MAPS IN

1
THE ORDER OF PRESENTATION.
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TABLE 17 KEY 7O SUBS{ODENCE POTENTIAL CLASSIFICATION QUADRANGLE MAPS .
C Ta-144 )

SOUNDARY OF ANTHRACITE REGION: DEFINED AS MAUCH CHUNK/POTTSYILLE CONTACT.
ARROW POINTS TO PENNSYLVANIAN ROCKS. NOTV USED {N NORTHERN FIELD.

7~ LOWEST MINEABLE COAL AS DEPICTED ON COLLIERY MAPS: INCLUDES MOSTLY
- LLEWELLYN ROCKS.

¢ PACKER COLLIERY

-

ELEMENTAL .
AREA CODE

— —— e et i et id

1 PRECAUTIONARY AREA ., FUTURE SUBSIDENCE PROBABLE (F SUBSIDENCE HAS

NOT ALREADY PROGRESSED TO COMPLETION. (SITE ENGINEERING RECOMMENDED ) ;

2 SUBSIOENCE POSSIBLE: S,,, 00705 (SITE ENGINEERING RECOMMENOED)

3 NO SUBSIDENCE: S,,, = 0.0 ‘ ;

T STRIPPED - NGO (NFORMATION ON OEEP MINING

- -
N NO MINING 3
] OEEP MINEQ )
2

MR BEEP MINED AND ROBBED

NT . DEEP MINED AND SURFACE STRIPPED

F FLUSHED ' . -

-106- AR‘OG{?’!
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WE CLASSIFICATION OF EACH ELEMENT
IS BASED ON A WORST CASE VIEWPOINT
OF 10% OF THE ELEMENT.

FIBURE 22 FOREST CITY QUADRANGLE
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FIBURE 24 WAYMART QUADRANGLE
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FIGURE 25 RANSOM QUADRANGLE
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FIGURE 26  SCRANTON QUADRANGLE
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FIGURE 28 PITTSTON QUADRANGLE
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FIGURE 30 AYOCA QUADRANGLE

THE CLASSIFICATION OF EACH ELEMENT
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FIGURE 33 WILKES-BARRE WEST QUADRANGLE
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FIGURE 35 FREELAND QUADRANGLE
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FIGURE 36 WHITE HAVEN QUADRANGLE
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3.3 V3 B;tnvrn;;on;?'restrng. The Hsubs:.dence computer algontl.rn
" (SEAIVIS) was tested in two loca11t1es within the Bituminous

coal fields of Appalachia. This was done to illustrate the

—applicability of the technique whlch was developed exclusively

~in the Anthracite £1e1ds of northeastern Pennsylvania. The

localities were chosen on the availability of mine maps and
.- one site in Centre County, Pennsylvania and one site in
__Allegany County, Maryland served as the test sites.

) MJ.ne maps ‘were located in the HRB -Slnger, Inc. archives for
;-,.___;A-the Knowles Big Spnng #1, and Harpster M1nes. These
three abandoned mines are located in western Centre County,

7 Pennsylyarna 1n the Sandy Rxdge Quadrangle. All three mines

were 51ng1e seam operations in the Clarion or "A" seam,

' the basal coal 1in the Alleghen} Senes (See Table 2 Sectmn

The SEAMS algonthrn was apphed to 13 elements of Section 1
~_of the Sandy R1dge Pennsylvama Quadrangle with results
‘shown in Table 186 and in F1gure 58.

- Mine maps were obtalned from the Pittsburgh Office of the _

" U.S.B.M,. for the abandoned Consol #1 and adjacent mines in
Ailegany County, Maryland. Generalized éeologic and
mining information maps were supplied by Gannet, Fleming,

~Corddry, and Carpenter, Inc. These mine maps cover under-
~ground workings in the Pittsburgh or Big Vein seam and

‘include stripning 'and some unde rgronnd workings in the

-.- - overlying Sewickly seam. These coals are included in the
Monongahela series (upper Pennsylvanian) and represent

younger coals not present in the Anthrac1te reg10n.

The SEAMS algonthm was apphed to 20 elements of Section 2
- of the Lionaconing, Maryland Quadrangle with the results

. shown in Table 17 and in Figure 59.




The results of the testing program are as expected in that

the algorithm is treating data similar to that received from

the Anthracite Fields., Similar results were obtained, and .
on this basis there is no reason to believe that SEAMS

(subject to the limitations discussed in Section 3.2 of this

report) cannot be applied to any other coal mining area

within the Appalachian Region.
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TABLE 18 BITUMINOUS TESTIAG RESULTS, SANDY RIDGE QUADRANGLE, PENNSYLVANIA (!’Sf;{)
AND LONACONING QUADRANGLE, MARYLAND 74-144
SANDY RIDGE, PENNSYLVANIA QUADRANGLE (SAN 1)
ELEMENT # SUBSIDENCE CLASS TSpax
cs 2 0.25
€9 2 0.09
b8 2 0.50
09 2 0.18
0o 1 2.82
E7 2 0.190
ES 1 0.54
E9 1 1.77
€0 1 1.53
F1 ! 2.16
F8 2 0.39
F9 ! 0. 85
FO 3 0.00

LONACONING, MARYLAND QUADRANGLE (LON 2)

g1 1 6.8
D2 1 6.8
D3 1 6.8
b4 1 6.8
£1 ! 6.8
£2 l 6.8
E3 1 6.8
E4 1 g.1
F1 1 8.1
F2 1 6.8
F3* 1 6.8 -
Fa ! 8.1
g1 1 6.8
G2 - 1 6.8
G3* 1 6.8
G4+ 1 4.3
Hie 1 6.8
HZ* 1 §.8
H3* { 6.8
H4* i 4,3

“REPORTED SUBS IDENCE
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RECOMMENDATIONS - (red)

On the basis of the results and conclusions reached in this study it is

recommended that:

(1) Continued efforts be 1mt1ated to incorporate additional mine map

; data 1nto:the data base as it becomes available. This is particularly
important for the Eastern M1dd1e Field and those areas of the
Western M1dd1e and Southern F1e1ds where mine map data has not

yet been i incorporated into folios by the USBM Addltlonal data such
-~ as burning refuse banks, and coal seam fires could easily be entered
~into the data base, as well as the extent of recent surface stripping.
(2) Theemsung data base be exercised to extract regmnal data on the
extent of mining on a seam by seam basis and that other pa.rameter
information be used in the form of map displays. Such displays could
 for example 1nclude seam percentage extraction maps, seam th1ck-

' ness maps, seam elevation maps depth to bedrock maps.

- (3) Contlnued refmement and testxng of the algonth:n be undertaken to

prove its accuracy and to extend its use 1nto the Bituminous coal
- fields of Appalachia. Further work is needed to incorporate the
effect of steeply dipping strata into the algorithm. Additional work

- - the underly1ng m1n1ng cond1t1ons an analys:.s of the relationship

between known subs1dence areas and the critical parameters to
‘answer the questlon ”whlch of the cr1t1ca1 parameters were

responsible for the subsidence? '

"(4) Consideration should be given to the collection of more detailed

‘the ba51s of pnorlty. These pr1or1t1es can be estabhshed using
the pres ent map products and correlat:.ng them with areas of con-
“céntrated urban development, either current or anttcxpated, and with

‘those areas presently identified for construction of industrial or

-—- — public facilities. 'I‘he basm elemental area most appropriate for

meaningful and cost effectlve correlation with reported subsidence
occurrences should be studied within h1gh prlonty areas. Ten acre

-land use or urban development. This is espec1a11y critical to

 ARIOOISL




minimize the impact of subsidence considerations on future

economic development within the mining areas of Pennsylvania

and to support studies of a more site-specific nature. The use .
of this basic data base as a model is useful in making such col-

lection uniform and systematically assessable by computer.
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L. -~ - logic Map of the Valley View Quadrangle, Schuylkill and
~ , Nor thumberla.nd countles, ‘Penns y'lvanla.

, | L Map QQ 701 Trexler, JA_E _a.nd Wood Cr H. J’r. 1968, Geo-
) " logic Map of The Lykens Quadrangle Dauphin, Schuylkill, and
(- S - -~ Lebanon Count:.es, Pennsylva.ma.
| “Map GQ-781 Wood, G.H. Jr. and Arndt, H.H. 1969, Geo-
logic Map of the Shenandoah Quadrangle Schuylkill county,

’7 Pennsylvama

10

______Map GQ-918 Arndt, H. H. "717971 Geolog1ca1 Map of the Ash-

—land Quadrangle, Columbia and Schuylkill Counties, Penn-
..8ylvania.

]

~Map GQ-919 Arndt, H.H. 1971, Geologic Map of the Mount
- Carmel Quadrangle, Columbia, Northumberland, and Schuyl~
k:Lll Counties, Pennsylvama

[
H

|

'

Map GQ 1028 Wood G. H. .]'r . 1973 Geolog1c Map of the
. _ Pottsville Quadrangle, Schuylkill county, Pennsylvania.
. ' ' Map GQ-1029 Wood, G.H. Jr., 1973, Géologlc Map of the
N : i - Orw1gsburg Qua.drangle, Schuylk:.ll County, Pennsylvama.
- : S - ~-Map GQ 1054 Wood, G. H. Jr., and Arndt, H.H. 1974, Geo-

3 logic Map of the Delano Quadrangle, Schuylkill county, :
' ) " Pennsylvania.

— - = —5.2.4 Miscellaneous Maps.

r o """F‘I’i‘pp’af“H; N. Jr. and Len Fest, L. W. Jr., 1973, Flood of
S ~June 1972 in Wilkes-Barre area, Pennsylvania. U.S. Geo-
log1cal Survey, HA 523
: Gray, C., et a.l 1960, Geologlc Map of Pennsylvama Map
— ’ - #1, Pennsylvania Geolog1ca1 Survey, Fourth Ser1es
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APPENDIX A

The text of this report concludes at this point.
The following -ppendix A represents the personal
opinions of Mr. Daniel H. Connelly, Professional
Mining Engineer and former Secretary of the Depart-
ment of Mines and Mineral Industries and is in- -
cluded at the request of the Economic Development

- Council of Northeastern Pennsvlvenia. The Department

of Environmental Resources assumes no responsibility
for information contained in this Appendix. Any
questions regarding information contained in this
Appendix should be addressed to the Economic De-
velopment Council of Northeastern Pennsylvania.

The figures for maximum projected subsidence re-
ferred to by Mr. Comnelly are contained upon maps

on file with the Department of Environmental Resources
and with the State Library, Harrisburg, Pennsylvania.
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For the purpose of determining the accuracy of the Subsidence Vulnerability
Classification on Quadrangle Maps with reference to the three categories in which
’the land elements are classified, particularly "Class 1" situations, seventeen loca~
. tions, in which the writer has had personal experience, were selected. Three of the
. locations are included on the Scranton Quadrangle Map; two on the Olyphant Quadrangle

Map; three on the Avoca Quadrangle Map; one on the Kingston Quadrangle Map; four on
the Pittston Quadrangle Map; practically all of the City of Nanticoke; two on the
Wilkes-Barre West Quadrangle Map, one on the Wilkes~Barre East Quadrangle Map.

The results of the study areres follows.@ﬂvw,_ L P - -

- ITEM I. Thc subsidence vulnerability for the Borough of Taylor, Lackawanna County,
' ~ . is included on the Scranton Quadrangle Map. As closely as I could
__determine there are 140-40 acre elements included on the map which are
in the Borough of Taylor. Of the total of 140, 133 or 95% of the total

are in Class i, three areti Class 2, and four are in Class 3.

My experience with the underground conditions underlying the Borough of
ylor are in connection with a flushing project underlying the right~of-~
t\ E:y of the Northeastern Extension of the Pennsylvania Turnpike which was
~E§ E {% dertaken in the years 1955 to 1956. Involved was a strip which varied
from 400' to 500' in width where a series of boreholes-were drilled fifty
(re(f) feet apart to the right and left of the center line of the Turmpike, there
. - “being nine boreholes in a 400 foot width and eleven boreholes in a 500
foot width. There was a series of boreholes every 50 feet along the
Turnpike right-of-way.
_The holes were drilled from the surface to the lowest or bottom vein,
e a a depth of approximately 200 to 250 feet. The area involved was from
. the westerly bank of the Lackawanna River to Keyser Avenue.

When the flushing project was started it was found that the underground

area was caved to the extent that the hole would accept an amount equal *
— : - only to the amount of cuttings from the drilling of the boreholes. The

removal of the pillars underlying the Turnpike area has been completed

20 to 30 years prior to the attempt to flush.

All of this area is 1ncluded under Class 1 and the projected subsidence

- “varies from a low of 1.3 feet for one element to a variance of 10.6 feet
to 16.3 feet for the remaining 15 elements.

(Scranton Quadrangle, block 7, elements F5, G5, HS5, I6, 7, J7)

-ITEM II. This involves the recently dedicated Stauffer Industrial Park. The
. - area is designated as Class 1 on the map. The projected subsidence

There sre_three;mining reports from Registered Professional Mining
Engineers on this site, one dated 1951, another dated 1961, and the
third 1966. Each report is favorable.

(Scranton Quadrangle “block. 8, elements C1,2,2; D1, 2, 3)
ITEM III. Thls involves the Mall on Route 6 just northeast of its intersection
A with Interstate No. 81, known as Viewmont Mall. The area is designated
as Class 1 on the map. The projected subsidence varies from 6.4 feet
to 9 l feet. . s s e e ':7:—“: [ oIt o -
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ITEM IV.

ITEM V.

ITEM VI.

ITEM VII.

There is a favorable report from a Registered Professional Mining
Engineer for this site. - B ' i

(Scranton Quadrangle, block 3, elements H4, J4) (] ‘{ | (; ‘ h‘ l\ l'

This involves Keystone Industrial Park. The area is desigggggy)as
Class 1 on the map. The projected subsidence varies from 8.1 feet .
to 8.7 feet.

There are three mining reports from Registered Professional Mining
Engineers on this site, one dated 1959, another 1960 and the third
1965. Each report is favorable.

(Avocé Quédrangle, block 1, elements G7, 8; H6, 7;78; 15, 6, 7)

This involves the area occupied by the former Eureka Plant of Litton
Industries. The area is designated as Class 1 on the map. The
projected subsidence is 1.3 feet.

There was never any mining in this area as the bottom coal seam crops
out below this site.

(Olyphant Quadrangle, block 4, element J6)

This involves the Wilkes-Barre/Scranton Airport. The area is designated
as Class 1 on the map. The projected subsidence varies from 0.3 feet
to 4.3 feet.

In 1943 I was a member of a 3 man commission appointed by the Secrétary 4
of Mines of the Commonwealth to make an underground inspection of the
mine workings underlying the surface where the present airport is located.
This was at the request of the Federal Aviation Administration. A report
was later filed with the State and Federal Agencies. Certain recommenda-
tins were included in the report and the report and recommendations were
accepted by the Federal Aviation Administration and after a contract for
the construction of the Port was awarded I was designated by the Secretary
of Mines to make periodic inspections for the purpose of determining that
the recommendations were being carried out. The port has been in use

for approximately 30 years and I have never heard of a subsidence affecting
any of the runways.

(Avoca Quadrangle, block 1, elements G7, 8; H6, 7, 8; 15, 6, 7; Jb6, 7;
block 4, elements A5, 6, 7) ‘ )

This involves the site on which the "Topps Plant" is situated in the
Borough of Duryea. The area is designated as Class 1 on the map. The

_ projected subsidence is listed as 8.8 feet.

A:29

There is a mining report for this site dated March 23, 1965 by a
Registered Professional Mining Engineer which includes the information
that there has been complete mining in all veins underlying the surface,
the final wining having been in the year 1946.

(Avoca Quadrangle, block 1, elements Fl, Gl) a ' .

A¥2 AR1001T7T




ITEM IX.

ITEM X.

ITEM VIII1.This involves the site on which the "Schott Optical Plant” is situated
~in the Borough of Duryea. The aréa is designated as Class 1 on the

mdp. The projected subsidence is listed as 8.8 feet and 5.8 feet.

There are two mining reports for this area each by a di
Registered Professional Mining Engineer. = 'R‘tl G l N A

(Avoca Quadrangle, block l element Gl) S (re(j)

This involves tne location of the Nesbitt Memorial Hospital situated

"between Sharp and Poplar Streets on Wyoming Avenue in the Borough of
_Kingston. The area is designated as Class 1 on the map. The projected
' subsidence is listed as l 9 feet.,f_

The hospital is located over the abandoned_ workings of ‘the former East

" Boston Colliery of the Payne Coal Company. From the early beginnings

_of mining at this mine, in the early 1890's, all of the breaker refuse

was -crushed and by the hydraulic flushing method was carried into the
mine workings by pipe line for the purpose of £illing the voids made
in the removal of coal. The 1896 Report of the Pennsylvania Department

‘of Mines will show that this was started in 1896. The primary reasom

for the flushing project was that there was not sufficient room on the
surface to deposit the breaker tailings. The flushing included filling

“the voids made in final mining, that is the removal of pillars.

The Nesbitt Hospital sustained damage as a result of mining, which was
minimal, in the years 1938 to 1941, inc. Repairs were made in the middle
forties and there has been no further subsidence. .

(Kingston Quadrangle, block 9, element F7)
This involves the "Barnum Site" located in the Borough of Duryea. The
area is designated as Class 1 on the map. The projected subsidence varies

from 8.4 feet to 22.8 feet.

There is a mining report made by Inspectors of the Pennsylvania Department

. of Mines and Mineral Industries in the year 1964 for this area which was

under consideration for the Pittston Area High School. With exception of

the Bottom Red Ash Vein and the Middle Red Ash Vein, which were mined as

_ one vein, all other veins including Checker, Pittston, Marcy and Clark

were completely mined between 1921 and 1939. The Middle Red Ash and

- ‘Bottom Red Ash Veins were 607 mined and the voids made by the removal

of the coal were completely collapsed.

(Pittston Quadrangle, block 3, elements 14, 5, 6; J4, 5, 6; block 6,
elements A3 4 5)

This involves the "Turnpike Site" located in the rear of the Howard Johnson
Motel and Northeastern Extension of the Pennsylvania Turnpike situated in

. Pittston Township. The area is designated as Class 1 on the map. The
prOJected snbsidence varies from 1.1 feet to 5.0 feet.

There is a mining report by a Registered Professional Mining Engineer
for this site and in addition bore holes have been drilled.

(Pittston Quadrangle, block 6, elements G7 8)

ﬁRlDOf?B




..

o T

:

F

-

[

T

ITEM XII. This involves the site of the Pittston Area High School situated in the

() [( I (; l rq I\Tlsre is a mining report dated July 13, 1964, for this site made by a

(red)

rear of the southwesterly side of Stout Street, Borough of Yatesville,
Luzerne County. The area is designated as Class 1 on the map. The
projected subsidence varies from 7.5 feet to 12.0 feet. .

Commission of Mine Inspectors from the Pennsylvania Department of Mines
and Mineral Industries for the Pennsylvania Department of Education.

Briefly the report states that the Pittston Vein, the top or surface
vein, was completely mined and the area collapsed in 1921. The Marcy
Vein, next below the Pittston Véin, was completed mined between 1934

and 1949 and further that the "Red Ash" Vein which is the bottom vein
and 300 feet below the surface is solid in the entire area except for
approximately 3 acres in the extreme easterly corner of the tract, which
was completely mined in 1939. These three veins are the only veins of
coal mined in this area.
Despite this the report projects a subsidence of between 7.5 feet and
12 feet.

(Pittston Quadrangle, block 5, element H10)

ITEM XII1I.This involves the site of the new Pittston Area Elemehtary School located

on New Street in the Borough of Hughestown, Luzerne County. The area is
designated as Class 1 on the map. The projected subsidence is listed as
23.3 feet, 22.3 feet, 22.4 feet and 16.7 feet.

This is incredible as there is a mining report for this area by a ‘
Registered Professional Engineer and in addition the site had to be
approved by the Department of Education.

(Pittston Quadrangle, block 6, element A&4) . *

ITEM XIV. This involves the area occupied by the City of Nanticoke and the surroundin:

ITEM XV.

A:31

area. There is a total of 229 - 4 acre elements shown on the map, 163 of

- which are listed in Class 1. The projected subsidence varies from 0.1 feet

to 11.4 fegt.

Mining of coal has been going on under the City of Nanticoke since the
early 1890's. It is a well known fact that subsidence has taken place in
the City of Nanticoke over the years to about the middle forties. The
voids made in the removal of coal are completely caved. To list this area
as Class 1, Subsidence Imminent and of Potentially Damaging Magnitude, is
also incredible. -

{(Nanticoke Quadrangle, block 6, elements A8, 9, 10; B8, 9, 10; C 8, 9, 10;
D8, 9, 10; Wilkes-Barre Quadrangle, block 4, element E2) )

This involves the recently completed Luzerne County Community College. The
area is designated as Class 1 on the map. The projected subsidence varies
from 0.80 feet to 7.20 feet. '

There is a mining report on this site and in additi-n the site had the .
approval of the Department of Education.

(Wilkes-Barre West Quadrangle, block 4, elehé?d Ep@ §7f9"
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ITEM XVI. This involves the site of the new Industrial Park located between Market
- ' “Street on the East, Northampton Street on the West, the former Lehigh

I~ . '  Valley Railroad Passenger Station on the North, and the former Jersey

| Central Railroad Passenger Station on the South in the City of Wilkes-
. Barre. The area is designated as Class 1 and the projected subsidence

- is listed as 10.1 feet, 0.5 feet and 1.0 feet.

— e . . - .. ... former Hollenback Colliery where mining was abandoned approximately 40
. (re(j) years ago in the early 1930's. There has never been any subsidence in
P - ~ 7 7 this area as the seams of coal are deep.

5[‘ | (5 I t‘ ‘\ e underlying mine workings are a part of the abandoned workings of the

%{“ ' : " (Wilkes-Barre West dﬁédrangle, block 3, element C9, 10)
I ITEM XViI.This in?olves the site on which the Veterans Hospital was built in the

-, SR late 1940's and to which the first patient was admitted in November, 1950.
fr B -The area is designated as Class 1 and the projected subsidence is listed

- as 9.4 feet and 4.3 feet. i

"I was a member of a two man commission of mine inspectors, appointed by
the Secretary of Mines of the Commonwealth of Pennsylvania, at the request
. _of the Veterans Administration in Washington, D. C. to make an inspection
-'of the underground workings and to file a rTeport with our findings and
recommendations. The report was accepted and recommendations contained
in the report were fulfilled. - Co : '

a result of subsidence.

I have used the above as an example of the many inaccuracies in the

— .-Report and as I further reviewed the maps I noted that there are at

least several hundred similar conditions. Ly

It is my opinion that the Report will have a disastrous effect on the
Tax Structure in Lackawanna and Luzerne Counties is the Report is made
pPublic in its present form.

-1t is again recommended that the wording for Class 1 and Class 2 be changed
to that agreed upon at meetings held on November 6th and 10th, and further
that the proposed deletions from the Report and/or proposed changes in the
wording as outlined on pages viii, xii, 6, 65, 80, 97, 101 and 106 of the
Report, copies of which were furnished to those persons in attendance at

‘~the meetings on November 10, be made, together with the complete removal
from the Report of Appendix A, pages 161 to 225, inclusive, and Appendix B,
pages 227 to 264, inclusive. The proposed changes in the wording for
Class 1 and Class 2 is not acceptable without the suggested deletions and
changes as noted above. : :
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The proposed wording for Class 1 is as follows: (fﬁ(i)

“PRECUATIONARY AREA, SUBSIDENCE PROBABLE. 1IF NOT ALREADY PROGRESSED
TO COMPLETION, SITE ENGINEERING REPORT NECESSARY."

I have two questions that I believe should be answered beforg the new definition -
for Class 1 is. accepted which are as follows:

1. What is meant by site engineering report?
2. What is included? ’ T

If the engineering report is to include the drilling of test boreholes into the
underlying mine workings it should not be accepted. It is my opinion that the
ouners of the Industrial Park or a_ client interested in either purchasing or
leasing a part .of the site should be the one to make a decision as to whether or
not test boreholes are necessary.

On page 1 of the Report under 1. BACKGROUND, sub item 1. 2. DISCUSSION OF THE
PROBLEM, paragraph 2, is the following: . ) :

“"In this coordinated program the full range of existing alternate
strategies for coping with subsidence (flushing, insurance programs,
architectural measures, etc.) is being explored for appropriate
application. . ."

It is my opinion that a far greater service would be provided to the region if,

in connection with the revision of the Classifications, the engineer would establish
areas in the residential and business sections of the various municipalities whe’
flushing projects should be initiated as soon as possible. In addition, it is m
opinion that barren or undeveloped areas should not be given any consideratiom with
respect to any flushing projects. In other words I do not believe that the
engineering report should take into consideration any of the present or future -
Industrial Parks. In the past and in the future the underground conditions will

be taken care of, as at present, with a mining report from a Registered Professional
Engineer.

This is a rather lengthy summary but I ﬁave intentionally tried to included all
of my thoughts pertaining to the Report.

DANTEL H. CONNELLY




